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PREFACE 


Volume  II  is  a continuation  of  a multi  document  set  describ- 
ing VEHSIM.  This  volume  contains  sample  simulations,  an  explana- 
tion of  the  input  data  and  input  forms,  graphical  options  program 
for  use  with  VEHSIM  and  a list  of  common  errors  for  the  beginning 
VEHSIM  user. 

A strong  effort  has  been  made  to  consider  the  user’s  view- 
point from  the  execution  of  the  program.  Sample  cases  have  been 
included  to  illustrate  the  various  simulation  methods  available 
and  the  most  frequently  used  VEHSIM  options. 

The  Energy  Technology  Branch  expresses  thanks  to  Mr.  Jack 
Dolan,  Systems  Development  Corporation,  for  assisting  in  the  pre- 
paration of  this  volume. 
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1.  INTRODUCTION 


This  manual  will  describe  the  VEHSIM  operating  commands  and 
the  various  methods  in  which  the  user  can  execute  the  program. 

For  each  method  of  operation,  interactive,  batch  processing  from 
a terminal  and  batch  processing  using  a card  deck,  a sample  run 
will  be  presented  along  with  a listing  of  the  input  data  format 
and  the  sample  output  data. 

The  method  of  operation  chosen  by  the  user,  at  a particular 
time,  will  probably  be  the  one  most  convenient.  For  example, 
interactive  operation  typically  requires  more  connect  time  at  a 
terminal  than  batch  processing,  but  offers  the  advantage  of  maxi- 
mum convenience  when  modifying  the  components  of  the  vehicle  in 
order  to  determine  the  influences  on  fuel  economy.  Batch  process- 
ing requires  a VEHSIM  control  file  (made  up  of  VEHSIM  operating 
commands  and  parts)  which  must  be  created  before  submitting  the 
run,  but  offers  the  advantage  of  executing  the  program  during  low 
rate,  off-peak  hours.  The  use  of  cards,  rather  than  a terminal, 
may  be  more  convenient  for  preparing  a VEHSIM  control  file  due  to 
the  enumerated  column  headings,  especially  for  a user  not  accus- 
tomed to  terminal  operation.  Submitting  cards  for  execution  of 
VEHSIM  usually  becomes  unnecessarily  cumbersome  once  a VEHSIM 
control  file  has  been  prepared  in  the  user’s  disk  area.  Once  a 
VEHSIM  control  file  has  been  prepared,  it  will  be  most  convenient 
for  the  user  to  submit  it  from  the  terminal. 

The  program  is  most  efficient  when  a large  scenario  is  being 
executed  in  such  a way. as  to  optimize  data  retrieval  from  the 
disk.  For  example,  a series  of  *USE  commands  could  be  used  to 
"construct"  the  vehicle  initially.  Then,  a sequence  of  alternat- 
ing *MODIFY  and  *SIMULATE  commands  would  allow  the  user  to  try 
different  vehicle  weights  with  different  rear  axle  ratios.  This 
would  require  no  further  disk  accesses  and  would  accomplish  many 
trials.  At  that  point,  a different  drive  schedule  could  be  re- 
trieved from  the  disk  and  the  process  could  be  repeated  for  more 
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trials.  If,  the  user  alternated  drive  schedules  for  each  *MODIFY 
command,  the  program  would  use  a great  deal  more  time  to  retrieve 
data  from  the  disk  and,  therefore,  cost  more  to  run. 

VEHSIM  was  designed  to  operate  on  the  Control  Data  Corpora- 
tion 6600  Scope  Operating  System  using  the  Run  2,  3 Fortran  Com- 
piler. However,  VEHSIM  is  programmed  in  the  Standard  FORTRAN  IV 
language  and  should  convert  to  other  systems  readily  with  only 
minor  modifications  to  system  dependent  operations.  For  the  con- 
tents of  this  particular  manual,  any  and  all  references  made  to 
the  loading,  execution,  etc.,  of  the  VEHSIM  program,  will  pertain 
to  the  in-house  DEC  system-10  Timesharing  System. 
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2.  PROGRAM  EXECUTION 


2.1  SIMULATION  COMMAND  STRUCTURE 

Since  VEHSIM  is  designed  to  function  by  a series  of  commands 
input  by  the  user,  the  user  should  be  familiar  with  each  command, 
its  special  purpose,  and  its  use.  These  commands  may  indicate 
new  data  to  be  stored  on  the  disk  file,  old  data  to  be  retrieved 
from  the  disk  file,  modifications  to  data  currently  in  core,  etc. 
All  VEHSIM  commands  are  identified  by  an  asterisk  (*)  in  column 
one  (1),  followed  by  the  command  directive,  if  any,  to  complete 
the  command.  VEHSIM  commands,  for  both  interactive  and  non- 
interactive operation,  will  be  listed  and  described  in  this  sec- 
tion. Some  commands  have  a common  name  and  produce  the  same  re- 
sult for  interactive  and  non- interactive  operation. 

The  following  is  a list  of  commands  which  are  available  for 
the  VEHSIM  model.  As  explained  previously,  the  VEHSIM  commands 
have  a general  purpose  or  function,  i.e.,  storing  new  parts  on 
the  disk,  retrieving  parts  currently  residing  on  the  disk,  etc., 
and  that  is  the  context  by  which  these  commands  will  be  presented. 
All  VEHSIM  commands  contain  a unique  part  name  beginning  in  Column 
19.  The  actual  format  of  the  command  is  shown  in  detail  in  sec- 
tion 3. 

Storing  New  Parts  Data 

*ENGINE  - indicates  that  engine  data  is  to  follow 

*FULL  CONVERTER  - indicates  that  torque  converter  data  is  to 

follow  specifying  input  and  output  torques 
and  RPM ' s 

*S.R.  CONVERTER  - indicates  that  torque  converter  data  is  to 

follow  specifying  input  torque  and  RPM  along 
with  a speed  ratio  and  torque  ratio 

*VEHICLE  - indicates  that  gross  vehicle  data  (weight, 

frontal  area,  axle  ratio,  etc)  is  to 
follow 
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*GEAR 


- indicates  that  data  for  a single  gear  is  to 
follow 

*SHIFT  LOGIC  - indicates  that  the  shift  criteria  (shift 

lines,  shift  time,  etc)  is  to  follow  for  all 
the  gears  in  the  transmission 

*ACCESSORY  - indicates  that  data  for  an  engine  accessory 

(fan,  air  conditioner,  etc)  is  to  follow 

*DRIVING  SCHEDULE  - indicates  that  data,  in  segment  form,  de- 
scribing the  particular  driving  schedule 
(segment  number,  acceleration,  speed,  time, 
etc)  is  to  follow 

*ROUTE  indicates  that  data  describing  the  physical 

route  (distance,  grade,  etc)  to  be  driven  is 
to  follow;  the  grade  and  road  coefficient 
specifications  are  from  the  last,  up  to  the 
current  data  point  milepost. 

If  a part  is  to  be  input  using  the  same  unique  name  as  a 

part  already  stored  in  the  disk  data  file,  the  request  to  store 

this  part  on  the  disk  will  be  ignored. 

Retrieving  Parts  Data 

*USE  - This  command  allows  the  user  to  retrieve  data 

already  stored  on  the  disk  data  file.  The  uni- 
que part  name  followed  along  with  the  choice  of 
part  data  being  retrieved.  The  part  type  begins 
in  Column  19.  The  valid  part,  type  choices  are: 

ACCESSORY 

CONVERTER 

DRIVING  SCHEDULE 

ENGINE 

GEAR 

ROUTE 

SHIFT  LOGIC 
VEHICLE 
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The  unique  part  name  which  begins  in  Column  7,  is  the  same 
name  assigned  to  that  particular  part  when  it  was  stored  on  the 
disk  data  file  as  a new  part.  When  the  *ENGINE  comand  is  speci- 
fied, the  user  must  define  to  which  engine  number  and  to  which 
gears  the  engine  data  will  be  assigned.  For  *ENGINE,  the  program 
allows  a maximum  of  20  gears  and  2 engines.  If  the  *GEAR  command 
is  specified,  the  user  must  give  the  gear  number  to  which  this 
data  is  to  be  assigned.  Up  to  20  accessories  may  be  included  by 
using  the  *ACCESSORY  command. 

*REMAP  - This  command  allows  the  user  to  obtain  an  engine 

map,  engine  data,  which  will  print  out  the  speed 
and  torque  points  that  the  user  specifies  rather 
than  the  points  as  input  initially.  This  capa- 
bility provides  a convenient  method  of  comparing 
fuel  rates,  vacuums,  etc.,  between  engines 
whose  initial  data  were  taken  at  different  points 
in  the  engine  performance  map.  Again,  the  uni- 
que name  of  the  engine  to  be  remapped  should 
begin  in  Column  19.  The  units  for  engine  speed, 
torque  and  fuel  rate  must  be  specified  as 


follows : 

(a) 

RPM 

- engine  speed  (RPM) 

(or) 

PISTON 

piston  speed  (ft. /min.) 

(b) 

TORQUE 

- torque  (lb . - ft . ) 

(or) 

BMEP 

- brake 

mean  effective  pres- 

sure 

(psi) 

HP 

- horsepower  (hp . ) 

(c) 

LB/HR 

- fuel 

consumption  (lb. /hr.) 

(or) 

BSFC 

- brake 

specific  fuel  consump 

t ion 

(lb . /hp . -hr . ) 

(or) 

GAL /HR 

- fuel 

flow  rate  (gal. /hr.) 

*DUMP  - This  command  allows  the  user  to  obtain  a dump 

of  a particular  part  or  of  all  the  parts  cur- 
rently stored  on  parts  data  file.  If  the  word 
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DIRECTORY  appears,  beginning  in  Column  19, 
instead  of  a part  name,  only  the  names  and 
comment  fields  of  the  various  parts  will  appear 
in  a directory  format. 


Modifying  The  Parts  Data 


*MODIFY  - This  command  enables  the  user  to  reset  the  value 

of  a number  of  individual  program  parameters 
without  creating  a change  in  those  parameters  in 
the  original  data  set  on  the  disk  file.  The 
MODIFY  command  should  only  be  used  after  the  USE 
command  which  retrieves  the  data  to  be  over- 
ridden. Available  option  names,  which  also 
begin  in  Column  19,  are  as  follows: 


AREA 

Cl 

C2 

CD 

CYLINDERS 

DIESEL 

DISPL 

DOWNSHIFT 

DYNAM 

FUEL 

IDLE 

LOCKUP 

REAR 

STEP 

STROKE 


- frontal  area  (sq,  ft) 

- first  constant  in  rolling  resistance  equa- 
tion (dimensionless) 

- second  constant  in  rolling  resistance 
equation  (l./MPH) 

- aerodynamic  drag  coefficient 

- number  of  cylinders  in  the  engine 

- fuel  shut  off  during  deceleration 

- engine  displacement  (cu.  in.) 

- % change  in  vacuum/throttle  downshift  level 

- dynamometer  (HP) 

- fuel  specific  gravity 

- engine  idle  (RPM) 

- an  RPM  for  a particular  gear 

- rear  axle  ratio 

- time  step  for  the  program  (sec.) 

- piston  stroke  (in.) 
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TIRE 


- tire  efficiency  (<1.) 

WEIGHT  - gross  vehicle  weight  (lbs.) 

WIND  - wind  velocity  (MPH) 

UPSHIFT  - % change  in  vacuum/thrott le  upshift  level 

The  default  time  step  of  0.05  seconds  may  be  overridden  with 

the  MODIFY  command  to  perform  the  same  run  with  a longer  time  step 

in  order  to  cut  cost.  [Note:  Due  to  certain  tolerences  built 

into  the  program,  a time  step  of  less  than  0.05  seconds  is  not 
recommended.  Also,  if  a new  stroke,  number  of  cylinders  or  dis- 
placement is  specified,  the  program  will  automatically  scale  the 
engine  (s)  prior  to  the  start  of  the  next  simulations.] 

*L0CKUP  CONVERTER  GEARl  - These  commands  provide  the  user  with  the 
* UNLOCK  CONVERTER  GEAR J capability  of  "locking  up"  or  "unlocking" 

the  torque  converter  for  any  of  the  gears  in  a 
particular  transmission.  LOCKUP  will  render  the 
torque  converter  invisible  by  setting  the  speed 
ratio  and  the  torque  ratio  to  unity  and  zeroing 
the  input  and  output  inertias  while  the  vehicle 
is  in  the  specified  gear(s).  UNLOCK  can  be  used 
to  "unlock"  a previously  "locked  up"  gear. 

When  an  automatic  transmission  is  being  used, 
the  gears  will  be  "unlocked"  and  when  a manual 
transmission  is  used,  the  gears  will  be  "locked 
up . " 

*PRINT  UNITS (S)  - This  command  allows  the  user  to  specify  units 

for  the  engine  data  printout  resulting  from  a 
USE  or  ENGINE  command  into  units  other  than 
those  in  which  it  was  originally  input  on  the 
disk  data  file.  The  units  are  the  same  as  those 
described  in  the  REMAP  command  section. 
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*ZERO 


- This  command  allows  the  user  to  zero  the  core 
memory  containing  all  data  currently  stored  by 
the  program  and  reset  all  program  flags  and 
pointers.  In  the  case  of  accessory  data,  for 
example,  the  program  accumulates  a list  of 
accessory  tables,  one  for  each  USE  command. 
Unless  a ZERO  command  is  issued,  a new  set  of 
accessories  would  be  added  to  the  old  set  rather 
than  their  being  replaced. 

Performing  and  Monitoring  a Simulation 

*SIMULATE  - This  command  begins  the  actual  simulation.  It 

first  checks  to  see  that  all  of  the  necessary 
parts  have  been  assembled  from  the  parts  data 
files  on  the  disk  by  means  of  the  USE  commands 
or  new  parts  data  cards  and  allows  the  vehicle 
to  reach  the  initial  conditions  specified  by 
the  driving  schedule  and  then,  executes  the 
actual  driving  schedule  itself.  At  the  end  of 
the  simulation,  more  USE  or  MODIFY  commands  may 
be  used  to  bring  in  or  reset  data  for  another 
simulation,  and  so  forth,  until  the  end  of  the 
input  data  is  reached  at  which  time  the  program 
terminates  execution. 

*LIMIT  PRINT  - This  command  enables  the  user  to  limit  the 

amount  of  printed  output  that  is  to  be  received 
for  the  simulations  that  have  been  requested. 

The  four  available  options  are: 

SEGMENT  - prints  out  detailed  output  for 

the  final  time  step  of  each  segment 
of  the  driving  schedule  as  well  as 
the  initial  conditions  step. 

MILE  - prints  out  detailed  output  at  fixed 
mileposts  along  the  driving  schedule 
(e.g.  every  0.1  mile)  as  well  as  the 
initial  conditions  steps. 
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TITLE 


DELETE 

DROP 


DEBUG 


SEC  - prints  out  detailed  output  at  fixed 

increments  along  the  driving  schedule 
(e.g.  every  10.0  seconds)  as  well  as 
the  initial  conditions  step. 

OFF  - prints  out  detailed  output  at  each  and 

every  time  step  in  the  simulation. 

SUMMARY  - only  the  summary  sheet  is  printed  at 
the  end  of  the  simulation 

(Note:  Unless  otherwise  specified,  the  program 

defaults  to  SUMMARY.  If  OFF  is  given,  the  printout 
includes  the  parts  data  accessed  by  a USE  command; 
otherwise,  no  parts  data  will  be  listed.) 

- This  command  allows  the  user  to  specify  a 60- 
character  title  which  will  appear  on  the  top  of 
the  summary  data  page  at  the  end  of  each  simula- 
tion. Each  TITLE  command  overrides  the  previous 
one  so  that  the  user  has  the  option  of  spe- 
cifying a .different  title  for  each  simulation 

or  the  same  title  for  all  of  the  simulations 
performed  during  that  run.  The  data  to  be 
printed  on  all  outputs  may  be  specified  here  to 
override  the  actual  data. 

- This  command  will  cause  the  part  named  to  be 
dropped  from  the  parts  data  file.  Its  format  and 
choices  are  the  same  as  the  USE  command  except 

no  engine  or  gear  numbers  are  specified. 

- This  command  can  be  used  to  give  the  user  extra 
information  beyond  the  regular  run  printout. 

It  is  very  useful  for  debugging  runs  that  fail 
or  runs  that  appear  to  have  a problem  (e.g. 
irregular  shift  patterns).  The  DEBUG  command 
can  be  operated  in  four  modes : 


OFF 


- turns  off  DEBUG  printout  entirely 


SHIFT 


prints  DEBUG  information  before  and 
after  each  shift  from  the  'start*  to 
the  'stop'  segments.  Also,  this  com- 
mand is  useful  for  detecting  shift 
stutter. 

SEGMENT  - prints  DEBUG  information  from  the 
'start'  to  the  'stop'  segments. 

(Note:  The  DEBUG  mode  will  remain  in  effect  until  it 

is  changed  by  another  DEBUG  command.  This  command  is 
optional  and  the  default  value  is  OFF. 

In  the  IA  mode,  DEBUG  is  activated  by  typing  "DEBUG"  (cr) . 
VEHSIM 'will  type  "DEBUG":  indicating  that  it  is  in  DEBUG  mode. 

Then  enter  the  mode  and  start  and  stop  limits.  This  line  is  read 
using  a format  of  A5,2F  so  one  must  be  sure  to  enter  enough  spaces 
between  the  mode  and  the  start  limit.  DEBUG  output  format  comes 
in  four  lines  containing  the  following  variables: 

line  1 CUMT , CUMD,  V,  ACCEL,  FWHEEL , FROLL,  FAERO,  FACCEL, 
FGRADE ; 

line  2 DT , NGEAR,  ISEG,  NRTSEG , TORQW,  TR,  TORQP,  T0RQ2 , 

T0RQ1 , TORQF , TORQE ; 

line  3 PCTWOT,  HIDNAM,  HPBR,  RPMW,  DRPMW,  RPMP , RPM2 , RPME , 
DRPME ; 

line  4 NGOCAL,  MAPOK. 

These  variables  are  defined  in  Volume  III.  If  no  "start"  limit  is 
given,  DEBUG  will  start  at  the  start  of  the  simulation.  If  no 
"stop"  limit  is  given,  DEBUG  will  continue  until  the  simulation 
ends  or  aborts.  DEBUG  mode  will  remain  in  effect  for  all  SIMULATE 
commands  until  it  is  changed  to  another  DEBUG  command.  The  default 
value  is  off.  The  user  is  cautioned  against  using  DEBUG,  since 
voluminous  printout  may  result.  The  shift  DEBUG  output  format  is 
printed  in  the  following  order: 
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HSMODE , HTMODE , CUMTLS,  CSTIM,  TORQA,  TORQAO , ATORQF, 
ARPME , DRPM1E , DRPMC , DTC , LCLTCH. 


This  data  is  printed  only  during  shifting. 

A special  note  on  the  command: 

*SPLIT  - As  an  enhancement  to  the  model,  this  command  is 

used  to  trigger  a flag  indicating  a split  torque 
converter  is  being  used.  No  other  keyword  or 
words  are  necessary  with  this  command.  Since 
this  command  cannot  be  changed  with  the  MODIFY 
command,  it  is  suggested  that  if  the  user  is 
simulating  more  than  one  case  and  the  SPLIT 
command  is  being  used,  then  the  SPLIT  command 
should  be  at  the  beginning  of  the  last  case. 

2.2  GENERAL  USER  INFORMATION 

Before  proceeding  to  the  actual  execution  of  the  model  the 
user  should  be  aware  that  the  overall  method  to  be  followed  in 
using  VEHSIM  is  to  'construct’  a vehicle  by  retrieving  data 
currently  on  the  disk  files,  modifying  the  data,  if  necessary,  and 
then,  executing  the  desired  driving  schedule. 

The  minimum  amount  of  data  required  for  any  given  simulation 
is  as  follows : 


1) 

engine  data 

2) 

vehicle  data 

3) 

torque  converter  data 

(one  table  for  the  drive  converter 

and  one  table  for  the 

coast  converter) 

4) 

gear  box  data 

5) 

a shift  logic 

6) 

a route  description 

7) 

a driving  schedule 

Optional  data  consists  of  accessory  tables  which  are  not  re- 
quired, but  may  be  included,  if  desired.  As  mentioned  earlier  in 
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the  command  section,  when  a manual  transmission  is  required,  the 
user  may  specify  that  all  gears  are  "locked  up."  This  means  that 
the  speed  ratio  and  the  torque  ratio,  for  the  torque  converter, 
will  be  set  to  unity.  In  addition,  an  appropriate  shift  logic 
should  be  used. 

2.3  LOADING  THE  PROGRAM 

The  fact  was  mentioned  in  the  Introduction,  but  the  reader 
is  reminded,  that,  "...any  and  all  references  made  to  the  loading, 
execution,  etc.,  of  the  VEHSIM  program,  will  pertain  to  the  in- 
house  DEC  system-10  Timesharing  System."  Being  aware  of  this  will 
facilitate  the  effort  and  hasten  the  time  required  to  get  the 
VEHSIM  model  operational.  Also,  when  examples  of  simulations  are 
listed,  in  the  interactive  and  particularly  indirect  modes  all 
user  responses  will  be  underlined. 

When  the  user  issues  the  LOAD  command,  the  Linking  Loader, 
LINK-10,  is  automatically  initialized.  The  main  input  for  the 
LOAD  command  is  the  Fortran  program  for  the  VEHSIM  model  and  the 
associated  assembly  language  program.  Output  of  the  LOAD  command 
will  be  an  executable  version  of  the  user's  programs,  an  object 
module,  that  will  be  in  the  form  of  a binary  file.  Since  the 
loaded  program  at  this  point  reflects  the  state  of  the  user's  core 
memory,  it  is  usually  referred  to  as  the  core  image. 

Since  the  LOAD  command  is  part  of  the  COMPIL-class  commands, 
compilation  of  the  subroutines  takes  place.  FORTRAN-10  responds 
with  two  levels  of  messages  - fatal  error  and  warnings.  Warning 
messages  indicate  a possible  problem.  The  compilation  will  con- 
tinue and  an  object  program  will  be  generated.  If  a fatal  error 
is  encountered  in  any  pass  of  the  compiler,  the  remaining  passes 
will  not  be  called.  Additional  errors  that  would  be  detected  in 
later  compiler  passes  may  not  become  apparent  until  the  first 
errors  are  corrected.  As  the  word  fatal  denotes,  it  is  not  pos- 
sible to  penerate  a correct  object  program  from  a source  program 
which  contains  a fatal  error.  The  format  of  the  messages  is: 
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7FTNXXX  LINE:  n text 

or 

%FTNXXX  LINE:  n text 

where 

? = fatal 

% = warning 

FTN  = FORTRAN  mnemonic 

XXX  = 3 letter  mnemonic  for  the  error  message 

LINE:  n = line  number  where  error  accurred 

text  = explanation  of  error. 

This  feature  will  be  fully  appreciated  by  the  user,  when  a new 
core  image  file  is  being  created;  consequently  the  user  may  find 
it  desirable  to  retain  the  former  core  image,  because  of  an  en- 
hancement to  the  program,  finding  an  error  in  the  program,  etc. 

Now  that  the  LOAD  command  has  been  completed  and  a core  image 
file  is  ready,  the  user  can  request  LINK-10  to  output  the  core 
image  to  the  user’s  area  for  storage.  By  using  the  SSAV  command 
along  with  an  appropriate  name  for  the  model,  the  user  avoids 
future  loadings  of  the  model.  The  program  is  now  ready  for  execu- 
tion when  the  user  enters  the  RUN  command  along  with  the  name 
entered  with  the  SSAV  command. 

If  space  on  the  user's  disk  area  is  at  a premium  because  of 
other  programs  or  data  files,  the  user  may  delete  the  REL  file 
generated  by  the  LOAD  command  after  the  SSAV  command  has  been 
completed. 

As  a final  note,  the  switches  in  the  LOAD  string  effectively 
reduce  the  swapping  time  of  the  system  especially  if  two  users 
happen  to  be  using  VEHSIM  at  the  same  time. 

2.4  EXECUTION 

A description  of  VEHSIM  execution,  through  interactive  and 
non- interact ive  operational  modes,  will  be  provided  in  this 
section. 
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The  interactive  mode  permits  the  user  three  possible  simula- 
tion methods : 

1)  interactive  simulation  in  which  the  user  is  queried  or 
directs  VEHSIM 

2)  attached  simulation  through  execution  of  a VEHSIM  control 
file  with  monitoring  at  the  terminal 

3)  detatched  simulation  through  submission  of  a batch  con- 
trol file. 

The  first  two  methods  permit  switching  control  from  one  method  to 
the  other  after  completion  of  each  run. 

The  non- interactive  mode  permits  the  submission  of  punched 
card  batch  control  files.  The  card  deck  will  contain  a VEHSIM 
control  file  and  instructions  to  execute  VEHSIM.  This  method 
functions  in  a manner  similar  to  detached  simulation,  except  for 
the  use  of  cards  instead  of  interactive  terminal  commands. 

In  both  the  interactive  and  non- interact ive  modes  it  is 
assumed  that  the  VEHSIM  program  and  the  required  parts  to  be 
accessed  are  already  on  the  disk.  The  interactive  operational 
mode  will  be  referred  to  as  IA  and  the  non- interactive  mode  will 
be  referred  to  as  NIA.  During  simulation  in  the  IA  mode,  commands 
are  typed  on  the  terminal,  whereas  in  the  NIA  mode,  commands  are 
punched  on  cards  with  an  asterisk,  starting  in  the  first  column. 

In  the  following  descriptions,  the  abbreviation  (cr)  and  the 
arrow  both  will  indicate  a carriage  return  in  the  IA  mode. 

All  of  the  NIA  mode  command  formats  are  specified  exactly  by  the 
data  format  sheets;  therefore,  these  descriptions  will  not  be 
repeated  here. 

2.4.1  Interactive  Simulation 

The  ASK  command  puts  VEHSIM  into  the  IA  mode.  When  using 
the  ASK  command,  VEHSIM  will  cycle  through  all  of  the  part  types, 
querying  the  user  as  to  the  unique  name  of  the  particular  part 
being  used.  When  all  of  the  parts  have  been  loaded,  VEHSIM  gives 
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the  user  the  option  of  going  directly  to  the  simulation  or  not, 
or  going  into  the  DIALOGUE  mode,  by  asking  "SIMULATE  (Y/N/D) . " 

If  the  user  elects  not  to  simulate,  N,  VEHSIM  will  then  ask  if 
various  modifications  are  desired.  When  all  of  the  modifications 
are  completed  to  the  user's  satisfaction,  the  user  is  again 
offered  the  choice  "SIMULATE  (Y/N/D)."  The  user  may  cycle  through 
the  parts  and  modifications  until  the  simulations  are  as  he 
wishes.  Then,  the  user  may  start  the  simulation,  Y,  or  go  into 
the  DIALOGUE  mode,  D. 

For  interactive  simulation,  a number  of  characters  have  been 
designated  to  perform  a few  key  functions  through  a program  inter- 
rupt. These  characters  will  also  apply  to  the  indirect  simulation. 
These  characters  are  as  follows: 

CTRL  D - Type  out  debug  information 

CTRL  E - Close  all  files  and  exit  to  monitor 

CTRL  N - Suppress  end  of  driving  segment  messages 

CTRL  P - Pause  to  modify  then  continue  simulation 

CTRL  S - Type  out  current  status  of  simulation 

CTRL  D - Turn  off  simulation  output  except  for  error 
messages . 

The  CTRL  abbreviation  indicates  that  the  teletype  terminal 
control  key  is  to  be  depressed.  The  first  time  that  the  special 
character  is  engaged,  its  function  begins;  if  and  when  it's 
pressed  again,  the  original  condition  returns.  For  example,  when 
the  CTRL  N character  is  pressed,  the  end  of  driving  segment 
messages  are  suppressed.  However,  if  the  user  decides  that  he 
wants  to  know  how  far  into  the  driving  schedule  the  simulation 
has  gone,  another  CTRL  N will  resume  the  end  of  driving  segment 
messages . 

While  in  the  interactive  mode,  parts  data  may  be  listed  for 
a particular  part,  all  the  parts  within  a part  type,  on  the  entire 
parts  file.  A listing  is  accomplished  through  the  DUMP  command 
which  queries  the  user  about  the  part  and  where  it  is  to  be 
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printed.  Wild  characters  or  a carriage  return  may  be  used  as  re- 
quired for  a group  of  parts. 

The  user  has  an  option  to  obtain  a directory  of  an  individual 
part  to  make  sure  it  currently  resides  on  the  disk,  or  a directory 
of  all  the  parts  within  a part  type,  or  for  all  the  data  currently 
stored  in  the  disk  parts  data  file.  The  directory  command,  DIR, 
is  used  for  this  feature  along  with  a carriage  return  or  wild 
characters  for  maximum  flexibility.  If  the  user  wants  a directory 
typed  directly  at  his  terminal,  the  TTY  command  must  be  entered. 
The  directory  which  comes  to  the  user’s  terminal  is  a "fast” 
directory,  that  is,  only  the  part  name  will  be  typed.  The  print 
file  directory  (which  automatically  is  printed  during  the  DIREC- 
TORY command)  gives  a "full"  directory,  that  is,  the  part  name, 
protection,  data  created,  the  part  creator's  identification  code 
and  the  comment  field  associated  with  each  part,  are  all  included. 

An  interactive  simulation  does  not  produce  a LOG  file  since 
the  terminal  output  is  a printed  copy.  A VEHSIM  data  file  is 
generated  which  the  user  may  SAVE,  PRINT  or  DELETE  after  a run. 

2.4.2  Indirect  Simulation 

Use  of  the  INDIRECT  (@)  command  allows  the  user  to  enter 
VEHSIM  commands  from  a pre-made  VEHSIM  control  file  on  the  disk. 
Some  users  feel  that  the  indirect  simulation  of  VEHSIM  is  very 
convenient  because  once  a control  file  is  made,  a minimum  amount 
of  user  interaction  is  required.  The  command  is  used  in  the 
following  manner: 

@DEV : FILE  EXT[P,PN]  (cr) 
or 

@FILE , EXT  ^ 

where  DEV : FILE . EXT [P , PN]  is  the  general  form  for  the  control  file 
input . 

The  VEHSIM  program  will  then  ask  the  user  if  a printed  copy 
of  the  data  file  is  desired.  The  user  may  save,  print  or  delete 
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the  data  file  being  used.  The  program  will  now  automatically 
check  the  user’s  commands  and  the  parts  until  the  last  command  of 
the  initial  simulation  is  encountered;  at  this  point,  the  program 
will  switch  control  back  to  the  user.  The  user  will  know  when 
command  has  been  switched  because  an  asterisk  (*)  will  appear  on 
the  teletype.  Since  everything  appears  to  be  correct,  the  user 
may  begin  the  simulation  by  typing  SIM  with  a carriage  return 
immediately  following  the  asterisk.  The  program  will  now  let  the 
user  know  that  the  simulation  is  starting  and  has  reached  its 
initial  conditions.  Next,  the  program  will  print  a message  at 
the  end  of  each  driving  schedule  segment,  unless  the  user  has 
used  the  CTRL  N interrupt,  when,  after  the  driving  schedule  has 
been  completed,  the  summary  data  sheet  will  be  printed.  The  pro- 
gram will  again  return  control  to  the  user  by  printing  an  asterisk. 
Here,  the  user  may  choose  to  end  the  simulation  by  entering  the 
word  EXIT  (cr)  or  continue  the  simulation,  if  more  cases  are  in- 
volved, by  entering  CONT  (cr) . 

When  the  user  has  finally  decided  to  terminate  the  simula- 
tion, he  has  the  option  of  deleting,  saving  or  printing  (most 
probably)  the  data  at  the  indicated  time  step  of  the  simulation. 

The  user  can  now  enter  D,  DELETE,  S,  SAVE,  P or  PRINT,  and  the 
program  will  now  end  its  execution  in  the  indirect  mode. 

2.4.3  Batch  Simulation 

2. 4. 3.1  Attached  Simulation  - A simulation  can  be  conducted  by 
the  user  at  the  terminal  by  entering  a VEHSIM  control  file  through 
the  use  of  the  BATCH  command.  Just  as  in  the  indirect  mode  of 
simulation,  the  program  will  cycle  through  the  list  of  parts  until 
the  SIMULATE  command,  with  the  DIALOGUE  option,  returns  control  to 
the  user.  Here,  before  starting  the  first  simulation,  the  user 
can  make  any  desired  modifications.  Then,  by  typing  SIM  or  SIMU- 
LATE, the  user  starts  the  first  case.  At  the  end  of  each  case  or 
simulation,  after  the  summary  sheet  is  printed,  the  user  may  exit 
from  VEHSIM,  EXIT,  continue  with  the  next  case,  CONTINUE,  or 
change  modes,  DIALOGUE. 
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2.4. 3. 2 Detached  Simulation  - Basically,  the  batch  control  file 
is  a series  of  instructions  which  tells  the  VEHSIM  program  which 
file  in  the  user’s  area  will  be  the  input  file. 

Output  from  a batch  job  is  written  directly  to  a line 
printer.  Along  with  the  regular  simulation  output,  a program  - 
created  log  file  is  produced.  It  is  useful  to  print  the  log  file 
especially  if  an  abnormal  condition  terminates  the  run.  At  the 
completion  of  the  run,  the  log  file  will  be  automatically  retained 
in  the  user’s  area. 

The  print  options  previously  described  for  interactive  oper- 
ations may  also  be  used  in  batch  processing. 

2.4. 3.3  Batch  Card  File  Submission  - Using  a card  deck  input  to 
run  VEHSIM  assumes  that  the  program  is  already  available  on  the 
disk.  The  card  deck  essentially  contains  a VEHSIM  control  file 
which  serves  as  input  data  to  run  VEHSIM.  The  program  is  con- 
trolled in  a manner  similar  to  a terminal  batch  job,  except  for 
the  use  of  cards. 

2 . 5 OUTPUT 

The  LOG  File 

An  interactive  simulation  does  not  produce  a Log  file  since 
the  terminal  output  is  the  printed  copy.  However,  the  interactive 
mode  does  produce  the  default  output  which  includes  the  segment 
number  of  the  driving  schedule,  segment  time,  distance,  speed, 

CPU  time  in  the  segment,  and  the  total  CPU  time.  Also,  five  dif- 
ferent clusters  of  data  used  in  the  simulation  are  printed  in 
summary  fashion  at  the  end  of  each  individual  case. 

Since  the  clusters  of  data  have  been  mentioned,  a brief  word 
should  be  said  about  each  cluster. 

The  first  cluster  shows  the  fuel  economy,  engine  work  per 
mile,  average  brake  specific  fuel  consumption  and  average  speed. 

If  an  emissions  simulation  were  being  performed,  the  fuel  economy 
would  show  the  reciprocal  of  the  emissions  (NOx  or  NOX  simulations 
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are  reasonable,  HC  and  CO  are  not  recommended)  in  grams  per  mile, 
provided  the  specific  gravity  in  the  engine  map  is  specified  as 
0.1198. 

The  second  cluster  contains  additional  run  data,  the  vehicle 
specification,  and  run  conditions.  With  the  exception  of  the 
aerodynamic  drag  and  tires,  this  cluster  is  self-explanatory.  The 
aerodynamic  drag  information  shows  the  cross-sectional  area  and 
drag  coefficient,  while  the  tire  information  lists  the  linear  term 
of  the  rolling  resistance  equation  (lb/1000  lb) , the  velocity 
dependent  term  (lb/1000  lb  per  MPH) , and  the  tire  friction  (slip- 
page) factor  expressed  as  a decimal  percentage. 

The  third  cluster  shows  the  time,  distance,  engine  energy, 
and  fuel.  The  percent  of  each  total  is  portioned  into  amounts 
used  during  cruise,  acceleration,  deceleration,  and  idle.  The  fuel 
used  during  the  braking  is  the  percentage  of  the  total  which  is 
consumed  during  closed  throttle  deceleration. 

The  fourth  cluster  of  data  shows  the  breakdown  of  the  energy 
being  supplied  to  the  vehicle.  Potential  and  kinetic  energies  and 
rotating  inertia  will  be  shown  for  certain  types  of  driving  sche- 
dules such  as  simulating  the  vehicle  going  up  a hill  (grade)  and 
then  terminating  the  driving  schedule  at  the  top  of  the  hill. 

The  fifth  cluster  lists  the  percent  of  engine  work  consumed 
by  various  losses,  the  amount  of  engine  braking  and  engine  moni- 
toring. Each  of  the  losses  is  broken  out  separately,  which  pro- 
vides the  user  with  a convenient  method  to  assess  the  influence 
of  improved  components.  The  percentage  total  should  be  approxi- 
mately one  hundred  (100);  however,  this  total  will  vary  according 
to  driving  schedules  and  vehicles.  The  total  is  due  to  the 
numerical  methods  being  employed  by  the  model  and  transient 
effects.  This  total  is  not  to  be  taken  as  an  indication  of  the 
accuracy  of  the  simulation. 

In  the  batch  simulation,  a dump  of  each  part  used,  a status 
report  (names  of  the  parts  used) , the  output  of  the  simulation  at 
each  specified  time,  shift  frequency,  the  five  cluster  summary, 


2-17 


and  a summary  of  the  breakdown  of  the  percent  of  time  spent  on 
various  parts  of  the  engine  are  made.  The  LOG  file  is  automati- 
cally printed  and  stored  in  the  user's  area. 


2.6  VEHSIM  PARTS  GENERATION 


Normally,  the  user  will  not  have  to  generate  parts  and  add 
them  to  the  data  base.  However,  the  user  may  want  to  generate 
new  parts,  create  new  situations  (routes,  driving  schedules),  and 
analyze  the  effects  upon  the  model. 

Generate  Parts  File 

The  parts  which  can  be  loaded  correspond,  to  the  parts  data 
described  on  the  input  forms.  Since  the  unique  name  of  a part 
begins  in  column  19,  it  is  recommended  that  the  user  incorporate 
the  unique  name,  along  with  the  part  type  for  the  name  of  the 
file  generated.  Although  mentioned  in  Section  2.1,  for  user 
convenience,  a list  of  commands  and  a brief  description  of  the 
data  follows: 


*ENGINE 

*FULL  CONVERTER 


*S.R.  CONVERTER 


*VEHICLE 


*GEAR 

*SHIFT  LOGIC 


indicates  that  engine  data  is  to  follow. 

indicates  that  torque  converter  data  is  to 
follow  specifying  input  and  output  torques 
and  RPM's. 

indicates  that  torque  converter  data  is  to 
follow  specifying  input  torque  and  RPM  along 
with  a speed  ratio  and  a torque  ratio. 

indicates  that  gross  vehicle  data  (weight, 
frontal  area,  rear  axle  ratio,  etc.)  is  to 
follow. 

indicates  that  data  for  a single  gear  is  to 
follow. 

indicates  that  the  shift  criteria  (shift 
lines,  shift  time,  etc)  are  to  follow  for  all 
the  gears  in  the  transmission. 
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*ACCESSORY 


- indicates  that  data  for  an  engine  accessory 
(fan,  air  conditioner,  etc)  is  to  follow. 

*DRIVING  SCHEDULE  - indicates  that  data,  in  segment  form,  describ- 
ing the  particular  driving  schedule  (segment 
number,  acceleration,  speed,  time,  etc)  is  to 
follow. 

*ROUTE  - indicates  that  data  describing  the  physical 

route  (distance,  grade,  etc)  to  be  driven  is 
to  follow;  the  grade  and  road  coefficient 
specifications  are  from  the  last,  up  to  the 
current  data  point  milepost. 

*TIRE  - indicates  that  data  for  a tire  type  is  to 

follow. 


*REAR  AXLE  - indicates  that  rear  axle  data  is  to  follow. 

TRANSMISSION  - indicates  that  a transmission  part  name  will 

follow  (specifies  a list  of  gears) . 


Now  that  a particular  part  file  has  been  created,  the  user 
ma.y  load  that  part  and  store  it  permanently  on  the  disk  as  a 
core  image  in  a parts  base  for  VEHSIM.  The  general  form  is: 

@FILE . EXT 


As  long  as  the  user  runs  the  model  and  loads  the  file,  as  above, 
VEHSIM  will  automatically  put  the  file,  in  core  image,  into  its 
correct  parts  file  (i.e.  VSMSLG.  BIN,  VSMENG . BIN,  VSMROV.  BIN. 

The  user  may  also  use  a card  deck  to  create  new  parts  and 
add  them  to  the  existing  parts. 
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3.  SAMPLE  SIMULATIONS 


This  chapter  provides  sample  simulations  based  on  the  pro- 
cedures described  in  Chapter  II.  Each  mode  of  operation  is  pre- 
ceded by  a title.  All  other  OUTPUT  is  taken  from  actual  runs  off 
a liner  printer  or  remote  terminal.  Words  or  phrases  underlined 
(as  in  the  ask  mode)  are  user  inputs. 
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3.1  LOADING  THE  PROGRAM 


.LOAD  *;"OTS  sNONSHAR”  VSMWRK  .FOR  jVEHMAC  .MAC 
FORTRAN:  VSMWRK 

000 £5*  PARAMETER  NMQD=£5 «NPAPT=1 1 *NCOM=4t 

’iFTNSQD  LINE : 000£5  PARAMETER  STATEMENT  CUT  OF  ORDER 

‘.FTNWRN  ASCIZ  no  FATAL  ERRORS  AND  1 WARNINGS 

CONVTR 

DEBUG 

DSK 

DSKCTR 
DSK DEL 
DSK DIR 
DSKPD 
DSKWR 
ENGINE 
ENTEPP 
GET ACL 

0 0 OS'?*  PARAMETER  NMOD=E®  «NFART=t  1 ?NCOM=41 

LFTNSCD  LINE  : 0 n 029  PARAMETER  STATEMENT  OUT  OF  ORDER 

\FTNWPN  GOB  AC  K NO  r AT  A<_  ERRORS  AND  1 WARNINGS 

0 DOS'S*  PARAMETER  NMOD=E5  ,fiFART=l  1 ,NlOM=41 

LFTNSOD  LINE s 000EE  PARAMETER  STATEMENT  OUT  OF  OPDEP 

LFTNWRN  HLPCMD  NO  FATAL  ERRORS  AND  1 WARNINGS 

S K'F'REC 

’.FTNMVC  LINE  * 00264  NUMBER  OF  VARIABLES  DOES  NOT  EQUAL  THF  NUMBER  OP  CONS 
TANTS  IN  DATA  STATEMENT 


".FTNWRN  INPBAT  NO  FATAL  ERRORS  AND  1 WARNINGS 

INF’DIA 

ITERAT 

UPTIME 

LOCKUP 

MODSL 

NOPART 

FPNOUT 

F'RNTPD 

PCPCNT 

N'.IRCNT 

ICRCNT 

PEADPD 

REMAP 

I S ALEM 

SHIFTS 

S IMCTR 

3 IMINT 

000EG*  PARAMETER  NMOI'-iS  ,r4PART=tl  «NCCM=4l 

".FTNSOD  LINE  : 000 EG  PARAMETER  STATEMENT  OUT  OF  ORDER 
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dimlpt 


NO  FPThL  ERRORS  RND  1 WPRNINSS 


'.FTISMPN 
i IM*TS 
I LQQKP 
VhLIDc 
VSMFLK 
VZMCTR 
ZERO 
uVRDcV 
LINK:  LCPCIhS 

EXIT 

. SSfiV  VEHSin 
VcHSlri  iPVED 

.DEL  VZMI..IRK  .PEL 
FILED  DELETED: 

:m'-fk  .pel 

FLOCKS  FREED 
.RUN  VEHSIM 
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3.2  INDIRECT  SIMULATION 


VEHSIM  CAP  06<23>  16-MAR-8 1 17*13  JOE"  31  TTY 0^1  DSk'E  *C  04132* 

♦3V0LKS .VSM 

♦OUTPUT  VOLKS . DATC 3 « 3 2 
LPT  FILE  03 1VSM.  DAT'D ISP : DEL 


LPT  FILE  DSKE 


: 031  VSM  . BATE  04132  *4  02  K 1 GO;  'DISPOSE  *I‘EL 


♦LIMIT  PPIMT  OFF 

♦TITLE  VOLKSWAGDN  DIESEL  STUDY 


♦USE  VWPB80 
♦ U i E F 8 V A 0 . 0 4 -r: 
♦LOCKUP  CONVERTER 
♦USE  EPA4 
♦USE  VWRB805SP 
♦USE  CODY l 
♦USE  COCY1 
♦USE  LALY1 
♦USE  ZGRADE 
♦MODIFY 
♦MODIFY 
♦MODIFY 
♦MODIFY 
♦MODIFY 


VEHICLE 

ENG  I ME  1 

GEAR  1 £ 3 

SHIFT  LOGIC 
TRANSMISSION 
CDNVEPTEP 
CDNVEPTEP 
ACCESS OP Y 
ROUTE 

WEIGHT  £375. 

DYNAM  -G.800 

R EAR  AXLE  R 3.800 
DISPLACE  80 . 00 

Ci  .CO' 80 


4 


1 £ 3 4 


♦ MODIFY  C £ . 0 0 0 0 5 

♦LIMIT  PRINT  ORR 

♦TITLE  EASE  LINE  CASE  WITH  URBAN  AND  HIGHWY 

! URBAN  AND  HIGHWAY  ONLY 


♦LIMIT  PRINT 
♦USE  URBAN 
C DSK-DRS ' NSEC  : 
C DS* -DPS 'NS EC : 
♦LIMIT  PRINT 
♦SIMULATE 


OFF 

DRIVING  SCHEDULE 
£-"NSEG:  50  3 

3 ' NS  EG : 1 5 - LAS  T S EC  T I ON  j 

SEGMENT 

CAR’  DIALOGUE 


♦ SIM 
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C SIMULATING  3 

C REACHED  INITIAL  CONDITIONS  ] 


ESEG 

: 1 

CUNT  : 

S 0 . 0 0 

CUND : 

0 . 0 0 0 

NRH : 

0 

.0 

CPUS : 

0 . 08  CPUT : 

0 . 08 

ESEG 

• -r* 

• L. 

CUNT : 

£7.44 

CUND  * 

0 .033 

MPH : 

31 

.0 

CPUS  : 

0.70  CPUT: 

0.80 

ESEG 

: 3 

CUNT : 

36  .44 

CUND  s 

0 .075 

MAH  : 

31 

. 0 

CPU  S : 

0.03  CPUT: 

0 .33 

ESEG 

: 4 

CUNT  : 

39.47 

CUND : 

0 . 09  0 

MPH : 

15 

. 0 

CPUS : 

0.83  CPUT: 

1 .13 

ESEG 

: 5 

CUNT : 

44  .47 

CUND : 

0.111 

MPH : 

15 

. 0 

CPUS : 

0.01  CPUT: 

1.15 

T-NtN 

ESEG 

• O 

• ' 

CUNT : 

56  .56 

CUND : 

0 .181 

Mr'H : 

16 

. 0 

CPUS  : 

0.31  C^UT: 

1 .90 

ESEG 

: 9 

CUNT : 

57  .56 

CUND : 

0 . 1 85 

MPH : 

16 

. 0 

CPUS  : 

0.09  C PUT : 

3.01 

ESEG 

: 10 

CUNT  : 

61  .96 

CUND  : 

0.31  0 

MPH : 

"•e 

u. 

. 0 

CPUS  : 

0.46  CPUT: 

c . 4c: 

ESEG 

: 1 1 

CUNT : 

79  .96 

CUND : 

0.335 

MPH: 

c 

L_  _• 

. 0 

CFUS  : 

0 . 1 0 CPUT  : 

3.6  0 

rN 

C DSK 

-DPS 

NSEC  : 

3 NS  EG 

: 50  j*N 

ESEG 

: 67 

CUMT : 

798 .76 

CUND : 

4.78  0 

M&H : 

c c 

. 0 

CPUS : 

3.9-  CPUT: 

57 .43 

ESEG 

: 68 

CUNT : 

8£ 0.76 

CUND  : 

4.951 

MPH  : 

c c 

. 0 

CPUS  : 

0.03  CPUT: 

57  .46 

ESEG 

i 4,9 

CUNT : 

835.65 

CUND  : 

4 . 99  3 

MPH : 

- - 

. 0 

CPUS  : 

0.57  C c UT  : 

53 . 04 

ESEG 

: 70 

CUNT  : 

335.65 

C IJND : 

5 . 084 

MPH  : 

••• 

. 0 

CPUS  : 

0 . 03  CPUT  : 

53 . 03 

t'Nl'N 

ESEG 

: 96 

CUNT : 

1315.83 

CUND : 

7 . 056 

MPH : 

C.  -S' 

. o 

c PUS : 

3.31  CPUT: 

77.71 

ESEG 

• 3 ( 

CUNT : 

1330.83 

CUND  : 

7 . 038 

MPH : 

C S' 

. 0 

CPUS  : 

0.04  CPUT: 

i'  1 ■ >-  4 

ESEG 

: 98 

CUNT  : 

1 d *1  r • ’?  *T; 

CUND : 

7.110 

MPH : 

0 

. 0 

CPUS  : 

0.54  CPUT: 

73  .30 

ESEG 

• 99 

CUNT  : 

1337.98 

CUND : 

7.110 

MFH  : 

0 

. 0 

CPUS  : 

0.01  CPUT: 

73  .31 

ESEG 

: 1 0 0 

CUNT  : 

1341 .80 

CUND : 

7.117 

MPH : 

13 

. 0 

CFUS  : 

0.41  CPUT: 

78:  .7."- 

[ DSK 

-DPS 

''NSEC  : 

3 • NS EG 

: 15 -LA 

ST  SEC 

TION  ] 

ESEG 

: 1 0 1 

CUNT : 

1347  .80 

CUND : 

7.139 

MPH : 

13 

. 0 

CPUS  : 

0.01  CPUT: 

73  .39 

ESEG 

4'? 

: 1 03 

CUNT : 

1354.35 

CUND  : 

7 . 169 

MPH : 

cl 

. 0 

CPUS  : 

0.53  CPUT: 

79  . rh 

ESCD 

: URBAN 

CUNT  : 

1 4 09 . 76 

CUND 

• 1 

• ' c 

4 

MPG : • 

9.3  CPUT:  34 

. Or- 
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VEHICLE  PERFORMANCE  SIMULATION  18-MAR-Sl 
PAGE  7 


PUN  TITLE  = EASE  LINE  CASE  WITH  URBAN  AND  HIGHWY 


SCHEDULE  AVERAGES 


FUEL  ECONOMY 
1.1  DP*  PEP  NILE 
h’-'G  IP  FUEL  CONS 
AVG  SPEED 


= 39.34  MpG 
= 0.34  HP-HR-MI 

= 0.7*  LBS-HF-HP 

= 19.7  NPH 


ADDITIONAL  PUN  DATA 


DRIVING  SCHEDULE  NAME  = URBAN 

. 4. . $ 

VEHICLE  NAME  - '••,'.IRB8  0 


CONVERTER  NAME  = CO'. VI 

WEIGHT  •: LBS > * £375. 
DISPLACEMENT  ■ CU  IN>  = 90.0 
WIND  VELOCITY  < NPH > = 0.0 


AERO  DRAG  = £0.1 0 « 0.4  0 


ROUTE  NAME 
engine  NAME 
I H I FT  LOGIC  NAME 


= °oBYN!j 
= F3VAGO.-4 

— r.F'A- 


STROKE  INCHES’1  = £.c 

REAP  AYLE  RATIO  = 3.9 

FUEL  DENSITY  -LB-GAL'  = 7.0 

TIRES  = 9.00  « 0.05  • 1.00 

N-u  = 45.10 


TOTALS  TOTAL  PERCENT  OF  TOTAL 


VAR I ABLE 

-..uni  rs; 

AMOUN  T 

< CRUISE 

ACCEL 

DEC  EL 

IDLE  > 

• BRA*-  £ I 

TIME 

- SECS 

1409.3 

*: c “■ 

24 .4 

2 1 . 8 

18.1 

DISTANCE 

-:  miles:-  7.7 

47  .8 

28 . 1 

24 . 1 

0 „ 0 

ENERGY 

CHP-HR 

1 .82 

£*c  0 0 

85.8 

4.5 

1 0 ? 

FUEL 

-I LBS  > 

1 *39 

I'd  • 1' 

45 . 0 

18 . 1 

K 0 lE 

9 .5 
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ENERGY  SUPPLY 


HP-HP 


C.l> 

ENGINE 

1 .3  c 

v £ > 

KINETIC  ENERGY 

0 . 0 0 

<3> 

POTENTIAL  ENERGY  = 

0 . 0 0 

<4) 

ROTATING  INERTIA  = 

0.00 

BREAKDOWN  PERCENT  ENGINE  HP-HP 


Cl)  ACCESSORIES  = 

4.69 

<£>  TORQUE  CONVERTER  = 

0 . 06 

<3>  CLUTCH 

0 . 0£ 

04)  GEAR  BOX  = 

£ . 05 

05)  DIFFERENTIAL 

£.98 

06)  TIRE  SLIP 

0 . 0 0 

3+4-*-5+6  = 

5 . 05 

£+-3+4+5+6  = 

5.11 

07)  AERODYNAMIC  DRAG  = 

28.91 

08)  ROLLING  RESIST 

28  .£0 

SUBTOTAL  1-8  = 

66  .92 

09)  BRAKES  = 

24 . 07 

10)  ENGINE  MOTORING  = 

9.69 

SUBTOTAL  1-10  = 

1 0 0 .68 

11)  OTHER  ENERGY 

0 . 0 0 

TOTAL  1-11  = 

1 0 0 . 68 

♦ EXIT 

LPT  FILE  VOLKS.DAT  ''DISP:  PRINT 

LPT  F I LE  BSk  : VOLKS  . LPT  C 0 0 0 OS  , 0 OS  K 1 0 0 > -'B I SROSE  : PR  I NT 

STOP 

END  OF  EXECUTION 

CPU  TIME:  1:30. 93  ELAPSED  TIME:  1£  :£3 .97 

EXIT 


. SUE  AFTER  : 1 8 : 0 0 : 0 0 - TIME  : 0-j  :£ 0 : 0 v VC’-l  - 
l I NP  0 1 : VOLKS® ' SEQ  : 1 1 85  ' T I ME  : 0 : £ 0 : 0 0 j 
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3.3  INTERACTIVE  SIMULATION 


PUN  VEHSIM 

VEHSIM  CAP  06<23>  18-Ma*-81  10s  4 0 JOBs  8 TTY 072  DSKB  s C 04 132, 4023 

♦ASK 

ENTEP  NUMBER  OF  ACCESSORIES  TO  BE  USED:  1_ 

ENTER  RAPT  NAME  FOP  ACCESSORY  s:  is  LALY  1 

ENTEP  FART  NAME  OF  DRIVE  CONVERTER  TO  BE  USED:  CODY 1 
ENTEP  PART  NAME  OF  COAST  CONVERTER  TO  BE  USED:  CPC VI 
ENTER  RAPT  NAME  OF  DPIVING  SCHEDULE  TO  BE  USED:  URBAN 
ENTER  ENGINE  NUMBER  t. I OP  £> » PART  NAME,  AND  GEAR  ASSIGNMENTS 


: 1 F 

8VAG  0 

. 048 

1 £ 

3 4 

ENTER 

ENGINE  NUMBER  < 1 OR 

£> » PART  NAME,  AND  GEAR  ASSIGNMENTS 

ENTER 

PART 

NAME 

OF 

ROUTE 

TO  BE  USED: 

ZGPADE 

ENTER 

PART 

NAME 

OF 

SHIFT 

LOGIC  TO  BE 

USED:  EPA4 

ENTEP 

RAPT 

NAME 

OF 

VEHICLE  TO  BE  USED 

: VWPB30 

ENTEP 

PART 

NAME 

OF 

TRANSMISSION  COR  < 

CR>  FOR  GEARS) : VUPB805SP 

3-8 


VEHSIM  CRP 


STRTUS  PEPOPT 


Ob  <.£3> 


DIALOGUE  MOLE  'TTY 
SIMULATION  MODE-CRP 
NO  PUN  TITLE 
ENGINE  “ l >-FSVAGO.  04® 
DP I VE  CONVEPTEP-CODY 1 
COAST  CONVEPTEP-COCY 1 
VEHICLE-VWPB80 


TPRNSMI 

SSI ON  - 

VWPB805SP 

GERP  “ 

1-G3.45 

RSSIGNED 

TO 

ENG I NE-F8VRG  0 . 048 

GERP  “ 

2-G1.34 

RS SIGNED 

TO 

E NG I NE-F8VRG 0 . 048 

GERP  :: 

3-G1 .23 

RSSIGNED 

TO 

ENG I NE-F8VRG0 . 048 

GERP  :: 

4-GO. 37 

RSS I GNED 

TO 

ENGINE-FSVRGO. 04® 

ACCESSORY  “ 1-LALY1 

DP  I V I NG  SCHEDULE-URBAN 

SHIFT  LOGIC-EPA4 

POUTE-ZGPRDE 

T I PE-*:VEH  I CLE 

NO  GEARS  LOCKED  UP 

GEARS  UNLOCKED-  1234 

LIMIT  PP I NT-SUMMR  0 . 0 0 0 0 0 0 0E+  0 0 

DEBUG -OFF  0. 0000000E+00  0. OOOOOOOE+OO 

TTY  OUTPUT-OFF 

LPT  OUTPUT-ON 

NO  MODIFICATION: 


SIMULATE  ? -;RNS  Y.-N'D-:  N 


ENTEP  GERP  NUMBERS  TO  BE  LOCKED  UP:  1234 


ENTEP  GERP  NUMBERS  TO  BE  UNLOCKED: 


♦MOD I FY ( NEW  VRLUE • ITEM- : 2375 . 0 * WE I GH 
♦MOD  I FY  •:  NEW  VRLUE  - I TEM  - : -6 . 3 0 * DYNRM 
♦MOD  I FY  <NEW  VRLUE » I TEM  - : 3.30*  PERP 


♦MOD I FY ( NEW  VRLUE  * I TEM  - : 3 0 . 0 * D 1 3 PL 
♦MOD  I FY  < NEW  VRLUE  * I TEM:-  : 0.0  03  * C 1 
♦MOD  I FY  (NEW  VRLUE  > I TEM - : 0.  0 0 0 05 * C2 
♦MOD 1 FY -NEW  VRLUE » I TEM> : 

♦LIMIT  PP I NT : SEC 

TTY  OUTPUT  </DN^OFF>  : OFF 


DEBUG:  OFF 


VEHSIM  CAP 


Ob  <£3  :.  STATUS  REPORT 


DIALOGUE  MODE  -'TTY 

SIMULATION  MODE-CAP  ✓DYNAMOMETER 


NO  PUN  TITLE 
ENGINE  •:  1>-F8VAG 
DRIVE  CONVERTER 
COAST  CONVERTER 
VEHICLE-VWPB80 
TRANSMISSION  - 1 
GEAR  “ 1— G3.45 
GEAR  *5  £— G1.94 
GEAR  *•  3— G1.39 
GEAR'  “ 4— GO.  97 


5.  048 

-CODY  1 
-COCY1 

.•T.IRB8  05SP 

ASSIGNED  TO 
ASSIGNED  TO 
ASSIGNED  TO 
ASSIGNED  TO 


ENG I NE-F8VAG 0 . 04 
ENG I NE-F8VAG 0 . 04 
ENG I NE-FSVAG 0 . 04 
ENG  I NE-F  8VAG  0 . 04... 


ACCESSORY  « 1-LALY1 
DP:  I V I NG  SCHEDULE-URBAN 
SHIFT  LOGIC-EFA4 
ROUTE -".DVNO 
TIRE-'.  VEHICLE 

GEARS  LOCKED  UP-  1234 

NO  GEARS  UNLOCKED 

LIMIT  PP I NT-SEC ON  10.00000 

D E B U G - 0 F F 0 . 0 0 0 0 0 0 0 E + 0 0 0 . 0 0 0 0 0 0 0 E ♦ 0 0 

TTY  OUTPUT-OFF 
LPT  OUTPUT-ON 

Cl  MODIFIED  FROM  .9000E-02  TO  .9000E-03 

C£  MODIFIED  FROM  .5000E-04  TD  .5000E-04 

PEAR  MODIFIED  FROM  3.900  TO  3.900 

WEIGH  MODIFIED  FROM  £375.  TD  £37?. 

DISPL  MODIFIED  FROM  88.95  TO  90.00 
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SIMULATE  ? <ANS  Y.'N/D>  : Y 


[SIMULA! ING3 

[REACHED  IMITIAL  CONDITIONS! 


ESEG: 

1 

CUMT : 

20.  00 

CUMD: 

0.  000 

MPH: 

0.  0 

CPUS: 

0.  01 

CPUT: 

0.  07 

ESEG: 

2 

CUMT : 

27.44 

CUMD: 

0.  022 

MPH: 

21. 0 

CPUS: 

0.73 

CPUT: 

0.81 

ESEG: 

3 

CUMT: 

36.44 

CUMD: 

0.  075 

MPH: 

21.0 

CPUS: 

0 . 02 

CPUT: 

0.83 

ESEG: 

4 

CUMT: 

39.47 

CUMD: 

0.  090 

MPH: 

15.  0 

CPUS: 

0.30 

CPUT: 

1.15 

ESEG: 

Cj 

CUMT: 

44.47 

CUMD: 

0.  1 1 1 

MPH: 

15.  0 

CPUS: 

0.  03 

CPUT: 

1 . 19 

ESEG: 

if. 

CUMT: 

48.  14 

CUMD: 

0.  130 

MPH: 

23.  0 

CPUS: 

0.43 

CPUT: 

1.64 

ESEG: 

r 

CUMT : 

53.  14 

CUMD: 

0.  162 

MPH: 

23.  0 

CPUS: 

0.01 

CPUT : 

1 . 67 

ESEG: 

.j 

CUMT: 

56.56 

CUMD: 

0.  181 

MPH: 

16.  0 

CPUS: 

0.  35 

CPUT: 

2.  03 

ESEG: 
1 1 

9 

CUMT: 

57.56 

CUMD: 

0.  185 

MPH: 

16.  0 

CPUS: 

0.0~N7  CPUT : 

2. 

AN 

ESEG: 

CUMT: 

43  0 . 94 

CUMD: 

3.193 

MPH: 

30.  0 

CPUS: 

2.99 

CPUT: 

34 . 68 

ESEG: 

36 

CUMT: 

434 . 94 

CUMD: 

3.226 

MPH: 

30.  0 

CPUS: 

0.  01 

CPUT : 

34.70 

ESEG: 

•J1 

CUMT: 

445.49 

CUMD: 

3.270 

MPH: 

0.  0 

CPUS: 

0. 97 

CPUT : 

35 . 69 

ESEG: 

~N 

CDSK  - 
ESEG: 

38 

CUMT: 

463.49 

CUMD: 

3.270 

MPH: 

0.  0 

CPUS: 

0.  03 

CPUT: 

SC  “7 

BPS- 

96 

NSEC: 

CUMT: 

2 NS EG: 
1215.33 

5 03  ""N 
CUMD: 

7.  056 

MPH : 

23.  0 

CPUS: 

2.48 

CPUT: 

33.  33 

ESEG: 

97 

CUMT: 

1220. 83 

CUMD: 

7.  088 

MPH : 

S3.  0 

CPUS : 

0 . 03 

CPUT: 

3 v«  Zf-Zr 

VEHICLE  PERFORMANCE  SIMULhTTON  iS-Mar-81 


RIJM  TITLE  = 


SCHEDULE  AVERAGES 


FUEL  ECONOMY 
WOP* ' PER  MILE 
AVG  SR  FUEL  COM; 
AVG  SPEED 


= S'?.  34  MFC 
= 0.24  HF-HR  Ml 

= 0.76  LBS-'HP— HP' 

= 19.7  MPH 


ADDITIONAL  RUN  DATA 

DRIVING. SCHEDULE  NAME  = URBAN 

( 6.8) 

VEHICLE  NAME  = VWRB80 

CONVERTER  NAME  = COCY1 


ROUTE  NAME 
ENGINE  NAME 
SHIFT  LOGIC  NAME 


= \DYNO 
= FSVAGO. 04 
= EPA4 


WEIGHT  r LBS) 
DISPLACEMENT  <CU  IN' 
WIND  VELOCITY  ‘ MRH> 
AERO  DRAG  = 20.10  * 


= 90.  0 

= 0.0 

0.4  0 


STROKE  < INCHES)  = 8.89 

REAP  AXLE  RATIO  = 3.90 

FUEL  DENSITY  ^LB- GAL)  * 7.09 

TIRES  = 9.  00  * 0.  05  . 1.00 

N^'V  = 45.10 
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totals  total  percent  of  total 


VRPIRBLE 

CUNITS>  RMDUNT 

•CPU  I 

SE 

RCCEL 

DEC  EL 

IDLE 

TIME 

<SECS> 

1 4 09  . 8 

■Z  a 

i 

£4.4 

£1.3 

13.  1 

DISTRNCE 

^MILES>  7.7 

47. 

•Zf 

£3.  1 

£4.  1 

0.  0 

ENERGY 

■HF-HR  > 

1 . 8£ 

SS  o 

0 

65.6 

4.5 

1.9 

FUEL 

CLBS> 

1 . 39 

3S. 

»■' 

45.  0 

16.  1 

6.  £ 

ENERGY  SUPPLY 


BP ERF DOWN 


HP-HP 


a 

• ENGINE 

= 

1 . 8£ 

• £ 

• KINETIC  ENERGY 

= 

0.  00 

•3 

• POTENT IRL  ENERGY 

S 

0.  00 

•4 

:•  ROTRTING  INERT Ifi 

= 

0.  00 

PERCENT 

ENGINE  HP 

a 

» ACCESSORIES 

s 

4. 6‘r* 

'■-C 

• TORQUE  CONVERTER 

= 

0.  06 

r 

• CLUTCH 

= 

0.  0£ 

•4 

> GEAR  BOX 

= 

£.  05 

'5 

) DIFFERENTIAL 

= 

£.93 

1 

• TIRE  SLIP 

s 

0.  00 

S+4+5+6 

= 

5.  05 

c’-*>3+4+5+6 

= 

5.  1 1 

<7 

:•  AERODYNAMIC  DRAG 

= 

£3.91 

«'  0 

> POLLING  RESIST 

= 

cl  o o c U 

SUBTOTAL  1-  8 

= 

66. 9£ 

1 '? 

• BRAKES 

= 

U »■ 

1 0 

:•  ENGINE  MOT  OPING 

= 

9.69 

SUBTOTAL  1-10 

= 

1 0 0 . 63 

1 1 

:•  OTHER  ENERGY 

= 

0 . 0 0 

TOTAL  1-11 

= 

10  0. 63 

♦USE 

F'RPT  TYPE:  DP IV 

ENTER  PRPT  NAME  OF  DRIVING  SCHEDULE  TO  BE  USED:  EPRHWY 


PRPT  TYPE: 


♦MOD  I FY 

♦MOD I FY ( NEW  VRLUE > ITEM  • : 


(BRAKE 
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♦SIM 


[SIMULATING] 

[PEflCHEI'  INITIAL  CONDITIONS]  N 


ESEG: 

3 

CUMT : 

28 . 36 

CUMD : 

0.161 

MRH: 

36. 

0 

CPUS: 

1.72 

CRUT: 

3.  34 

ESEG: 

4 

CUMT : 

47 . 36 

CUMD: 

0.371 

MRH: 

36. 

0 

CRUS: 

0.  02 

CRUT: 

3 . 39 

"N'N 

ESEG: 

9 

CUMT: 

150.38 

CUMD : 

1 . 686 

MRH: 

44. 

0 

CRUS: 

2.84 

CRUT: 

8.91 

ESEG: 

1 0 

C IJMT : 

1 66 . 37 

CUMD: 

1.390 

MRH: 

48. 

0 

CPUS: 

1 . 69 

CRUT: 

1 0.  62 

ESEG: 

6c 

1 1 

CUMT : 

171.37 

CUMD: 

1 . 957 

MRH: 

48. 

0 

CRUS: 

0 . 02 

CRUT: 

'■  N 1 0 . 

~N 

ESEG: 

17 

CUMT : 

296.58 

CUMD: 

3 • 49  < 

MRH: 

29. 

0 

CPUS: 

1 . 23 

CRUT : 

15.52 

ESEG: 

IS 

CUMT: 

299.58 

CUMD: 

o . 52 1 

MRH: 

29. 

0 

CPUS: 

0.  01 

CRUT: 

15.55 

''N"1N 

ESEG: 

C i' 

CUMT: 

482 . 78 

CUMD: 

6.337 

MPH: 

55 . 

0 

CPUS: 

1 . 32 

CRUT: 

25.27 

ESEG: 

~N 

28 

CUMT: 

556.73 

CUMD: 

7.467 

MRH: 

55. 

0 

CPUS : 

0.  02 

CRUT : 

25 . 32 

~N 

ESEG: 

38 

CUMT: 

718.79 

CUMD: 

9.769 

MPH: 

59. 

0 

CRUS: 

2.42 

CRUT : 

38.11 

ESEG: 

39 

CUMT : 

722.79 

CUMD: 

9.835 

MRH: 

59. 

o 

CPUS: 

0.01 

CRUT : 

38.  14 

ESEG: 

'■N 

ESCD: 

40 

CUMT: 

-45 . 79 

CUMD: 

10. 180 

MRH: 

49. 

0 

CPUS: 

2 . 26 

CRUT: 

4 0.4  0 

EPAHWY 

CIJMT: 

768 . 95 

CUMD: 

1 0. 

2*9 

MPG:  4 

9.0  C 

PUT:  42 

Cj  p 

VEHICLE  PERFORMANCE  SIMULATION  18-M»p-S1 
RAGE  5 

►♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


RUN  TITLE  = 

schedule  average: 


FUEL  ECONOMY 
WORK  REP  MILE 
AVG  SR  FUEL  CONS 
AVG  SPEED 


= 48 . 97  MPG 
= 0.  24  HR-HR-MI 

= 0.59  LBS'HR-HR 

= 48. £ MRH 


ADDITIONAL  RUN  DATA 


DRIVING  SCHEDULE  NAME  = EPAHWV 

< 8.8' 

VEHICLE  NAME  = VWPB80 


CONVERTER  NAME 


= COCY1 


WEIGHT  f LESS1  = 2375. 

DISPLACEMENT  <CIJ  IN)  = 90.0 

WIND  VELOCITY  .MRH-  = 0.0 

AERO  DRAG  = 20.10  * 0.40 


total: 


TOTAL 


ROUTE  NAME 


= ‘.DYNO 


TIME  <SECS>  789.0 

DISTANCE  <MILES>  10.3 

ENERGY  <HR-HR>  2.52 

FUEL  ■'LBS)  1 . 49 


ENGINE 

NAME 

= 

F8VAG0. i 

SHIFT  LOGIC  NAME 

= 

EPA4 

STROKE 

< INCHES) 

— 

2.89 

REAR  AXLE  RATIO 

— 

3.90 

FUEL  DENSITY  -;LB 

GAL>  = 

7.  09 

TIRES 

= 9. 00  . 

0.  05  « 

1 . 0 0 

N'V 

= 45.1 0 

PERCENT 

OF  TOTAL 

CCRUISE  ACCEL 

DECEL 

IDLE  > 

f BRAKES) 

55.1  22.5 

21.8 

0.7 

58.1  20.9 

21 . 0 

0.  0 

55.6  33.6 

10.8 

0.  0 

5b.  1 c'o . 7 

15.  1 

0.  1 

1.7 
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ENERGY  SUPPLY  HP-HP 

<1>  ENGINE  * £.5£ 

•.£.:■  KINETIC  ENERGY  = 0.00 

<3>  POTENT I PL  ENERGY  = 0.00 

<4’>  ROTATING  INERTIA  = 0.00 


BREAKDOWN  PERCENT  ENGINE  HP-HP 


< 1 > 

ACCESSORIES 

3 

£.29 

(£> 

TORQUE  CONVERTER 

3 

0.01 

<3> 

CLUTCH 

3 

0.  00 

(4> 

GEAR  BOX 

3 

£.  00 

«.5> 

DIFFERENTIAL 

3 

£.93 

•:  k > 

TIRE  SLIP 

3 

0.  00 

3+4+5-*.* 

3 

4.  93 

£+3+4+5+* 

3 

4.94 

•'?> 

AERODYNAMIC  DRAG 

3 

56. 76 

• 8> 

ROLLING  RESIST 

3 

£9. 84 

SUBTOTAL  1-  8 

3 

93 . 83 

C 'Si  ;. 

BRAt-  ES 

3 

4.44 

<:  i o> 

ENGINE  MOTORING 

3 

£.  09 

SUBTOTAL  1-10 

3 

1 0 0 . 36 

an 

OTHER  ENERGY 

3 

0.  00 

TOTAL  1-11 

3 

1 00. 36 

♦EXIT 

LPT  FILE  008VSM.DAT  D ISP:  PRINT 

LPT  F I LE  DSKB  s 0 08VSM . DAT  [ 04 132-4 0£3  < 1 0 0> -- D I SPOSE SPRINT 
STOP 

END  OF  EXECUTION 

CPU  TIMES  £s£0.86  ELAPSED  TIMES  34 s £7. 33 

EXIT 
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YEMSIH  CAR  06  < 22)  STAUS  REPORT 


/DYNAMOMETER 


C I ALCGLE  MOCE  /TTY 
SIMULATION  MCCE-CAR 
NC  RUN  TITLE 
ENGIN6U)-F£YAG0.C48 
CBIVe  CONVERTER-COCYl 
CCA  ST  CCN YEP  T ER— CCC Yl 
VEhlCLE-VhREeO 
TP  A N S NI SS  IC  N - 
CEAR  A 1-G3.45 
GEAR  » 2-GI.S4 
CEAR  * 3-01.25 
GEAF  * 4-GO. <7 
ACCESSORY  I 1-LALY1 
CRIYING  SCHECLIE-UB8AN 
SHIFT  LOG  IC-EPA4 
RCUTE-TDYNC 
T IR  E-TVEH  ICLE 

CEABS  LCCKEC  UP-  1 2 3 4 

NC  GEARS  UNLOCKED 
LIMIT  FBI NT-S  ECON  IO.OOCOO 
CEBLC-— CFF  C.CCCCCOGEhCC 

TTY  0 LTPUT-C F f 
LFT  CITPUT-CN 


VWii  6 805  S F 

ASSIGNEO  TU 
ASS  1C  Nt  C TC 
ASSIGNED  TO 
ASSIGN! C TO 


ENGINE— F0YAGO. 048 
ENGINE-F8VAG0 .048 
ENGINE-F8Y AG 0.048 
EN  G INE— F8V  AGO  .048 


o.cocooooe«oo 


Cl 

C2 

REAR 

WEIGH 

DISFL 


MODIFIED 

MODIFIED 

MODIFIEC 

MODIFIED 

MODIFIED 


FROM 

FROM 

FROM 

FROM 

FROM 


•9CCCE-02 
.5000E-04 
3.  SOC 
2375. 
88.95 


TC 

TO 

TC 

TC 

TC 


• 5 C CCE-02 

.50008-0*1 

3.50C 

2375. 

90.00 
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06(22)  STATUS  EEFCPT 


OIALCGUE  PCDE  /TTY 
SIMULATION  PCCE-CAR  /CYNAPC KLTEF 
NC  CUN  TITL  E 
ENGINE(l)-FEVAG0.048 
CRIVE  CCNVER  TER— COC  Y 1 
CCA  £1  CCNVEFTER-CCCY l 
VEE  1CLE- VRR88C 
TFANSEISSICN  - VRRE805SF 
CEAP  I 1-G3.45 
GE A<\  » 2-GI.S4 
CEAP  t 3-G1  .25 
GEAP  » 4-GO. 57 
ACCESSORY  » 1-LALY1 
CrlVlNG  SCHECLLE-EFAEWY 
SUET  LCGIC-EPA4 
RCLTE-tOYNC 
T IR  E-XYEH  1CLE 
CEAPS  LCCkE  C UP-  l 2 
NC  GEA.tS  UNLOCKED 
LIMIT  PPINT-SECON 
OEBLC-CFF  C.CCCCCCCE*CO 
TTY  CLTPUT-CEF 
LFT  C ITPUT-CN 

Cl  POD  IF  1 50  FRCP  .5CO0E-O2  TC 
C2  PCD  I F I EC  FRCM  .5000E-U4  TC 
REAP  MODIFIED  FRCP  3.500  TC 

REIGE  PCOIFIEC  PROP.  2375.  TC 

OISPL  MOO  I F I ED  PROP  88.95  TC 


ASSIGNED  TC  ENGINE-F84AGC.G48 
ASSIGNED  TC  £ NG I NE-E8 V AGO  .048 
ASSIGNED  TO  ENGINE-F89 AG 0.048 
ASSIGNEC  TO  ENGINE— F8VAG0. 048 


1C.CCC00 


0.00C0000E«00 


. 5CCGE-02 

.5000C-04 

3.500 

2375. 

90.00 
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A directory  lets  the  user  know  which  parts  are  available.  The 
following  example  shows  the  user  deleting  a part  and  again  adding 
the  same  part.  A listing  of  the  part  is  not  shown  here,  but  can 
be  listed. 
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PART  TYPE 


3-4 


BATCH  SIMULATION 


. TYF  VOLKS.VSM 

♦GUTFUT  VOLK S .DATS S » S S 

• L.IMT  FEINT  OFF 

• TITLE  VOLK SHAG ON  LIE  I EL  STUBS 


♦UiE  Vii'F'Bci.' 

♦ i j S E F G V ft  S 0 • 0 4 >■ 

♦ LOCKUP  CDNVEFTEF 
♦USE  EFft4 

♦ USE  VHEBSCSSP 
♦USE  CCDY1 
♦USE  CO ‘S' i 1 

♦ USE  LALY  1 
♦USE  ZGPfiDE 

♦ MOL  IF'i 
♦MODIFY 
♦MODIFY 
♦MODIFY 

♦ MOD  IFY 
♦MODIFY 
♦LIMIT  FFIMT 

♦ TITLE  DFiSE 


VEHICLE 

ENGINE  1 1 1 S 4 

GEftF  1 1 l 4 

SHIFT  LOGIC 

TFfthSMISS I CM 

CCMVEFTEF 

CONVEFTEF 

ftC  CESS  OF  V 

FOUTE 

HEIGHT  cS7S. 

BY  NAM  -G.SOC 

FEGC  hv.LE  F S .GO 
LIS  FLAC  E A 0 . 0 

Cl  . 00  r 

Cc  .CiCO  OS 

OFF 

LIME  CASE  ivITH  UP  BAN  ftMD  HI  SHU 


! UF  EFiM  ftMD  H I GHliiftY  ONLY 


♦ LIMIT  F F I NT 

♦ USE  UFE.ftM 
♦LIMIT  FFIMT 

♦ s IMUlFiTE 
♦LIMIT  FEINT 

♦ USE  EFftHi..') 
.♦LIMIT  FFIMT 
♦SIMULATE 
♦LIMIT  FFIMT 
♦TITLE 


CFF 

DF IV  IMG  SCHEDULE 
SEGMENT 

C-ftF  DIALOGUE 

OFF 

DF IV IMG  SCHEDULE 
SEGMENT 

CfiF  DIALOGUE 

OFF 

USE  TCFSFEED-  SHIFT  LCGlC=SHGTSOoC 


♦USE  SHOTS 000 
♦MODIFY 

♦ USE  TOP  SPEED 


SHIFT  logic 

TOP  SPEED  1 .00  0 

DFIVING  SCHEDULE 


♦LIMIT  FEINT 

OFF 

♦LIMIT  FFIMT 

SEC 

0 . S 0 

♦S IMULATE 

l*.hP 

DIALOGUE 

♦ LIMIT  F'F  I NT 

OFF 
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TE  VOLKS .CTL 
Z cK  Cope  j 


HTi'i 

. FijN  CCMfi:3EhL 

♦ ♦•4  0c 

♦ i-  T-'fi-  S-T-  f ri-  6 'S'  I'K'ij-  L'F'T'I'C  'N  C'F  VOLN 
.FUN  VEHSIM 

iVGLK S 

. IF' EFRCF  • .SOTO  LCNE4 

EXIT 

LCr’E4  : : 

. CLOSE 

.FijN  C CNF  : * E h E* 

♦ ♦ • <♦  0 c 

♦'  I N • I I h • E • L VOLK. S . V SN  - F ' F • I " N ' T ''  I N ' 

.CFINT. r.  1 S !LEi_  ‘vCLki.I.HT  C S • S-  j 
.FF  I NT  - US  : LEL  VOLK  S .LGu 


SUE  FFTEF : 1 $ : 0 0 : 0 0 TINE  : 0 0 s £5 : 0 0 VDL H S 
S I NF  0 1 s V GLK  S * S eg:  : 1 554  Time:  0 : c 5 s f>  0 S 
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TOBOl'ECFT-LB)  -8.70  i.lO  3.90  6.60  9.40  12.20  15,00  «7.80  20.60  23.40 
FUEL  RATE(LB/HR)  2.10  2. SO  2.30  2.60  2.90  3.30  3.70  4.00  4.40  4.70 
THROTTLE (DEGREES)  12.10  12.10  13.4)0  13.70  14.10  14.40  14.60  14.90  15.30  15.90 
HANIFOLD  VACUUM(IIJ-HG)  1.60  1.60  1.60  1.50  1.50  1.50  1.50  1.50  1.50  1.50 
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SHIFT  LOGIC  ( EPA4  ) 


SHIFT  LOGIC  FOB  4 GEAR  TRANSMISSION  FOLLOWING  EPA  TEST  PROCEDURE 


THIS  TRANSMISSION  HAS  4 GEARS 


UP  SHIFT 

1 - 

2 

SHIFT  TIME  « 0.500  SEC 
THROTTLE  (PCT  WOT) 

0.00 

100.00 

VEHICLE  SPEED  (MPH) 

IS. 00 

15.00 

DOWN  SHIFT 

2 - 

1 

SHIFT  TIME  > 0.500  SEC 

THROTTLE  (PCT  WOT) 

0.00 

too. AO 

VEHICLE  SPEED  (MpH) 

10.00 

10.00 

UP  SHIFT 

2 - 

3 

SHIFT  TIME  a 0.500  SEC 
THROTTLE  (PCT  WOT) 

0.00 

100.00 

VEHICLE  SPEED  (MPH) 

2S.00 

25.00 

DOWN  SHIFT 

3 - 

2 

SHIFT  TIME  * 0.500  SEC 
THROTTLE  (PCT  WOT) 

0.00 

100.00 

VEHICLE  SPEED  (MPH) 

20.00 

20.00 

UP  SHIFT 

3 - 

4 

SHIFT  TIME  > 0.500  SEC 
THROTTLE  (PCT  WOT) 

0.00 

100.00 

VEHICLE  SPEED  (MPH) 

40.00 

40.00 

DOWN  SHIFT 

4 - 

3 

SHIFT  TIME  a 0.500  SEC 
THROTTLE  (PCT  WOT) 

0.00 

100.00 

VEHICLE  SPEED  (MPH) 

30.00 

30.00 
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1 8-Mar-B  1 


TRANSMISSION  DATA  ( VWR08O5SP  ) 


VOLKSNAGON  RABBIT  S SPEED,  2 OVERDRIVES 

1 - G3.45 

2 - Gt .94 

3 - Gt .29 

4 - GO. 97 

5 - GO. 76 


18»Nar«Sl 

GEAR  DATA  ( G3.45  ) 


NO  COMMENT 

WRAtlO'  i'  3.450  INPUT  INEPTla  ■ 0.000  FT-LB-SEC*«2 

EFFICIENCY  ■ 0.980  OUTPUT  INERTIA  ■ 0.010  FT-LB-SEC»«2 


NO  SEAR  SPIN  LOSS  DATA  SPECIFIED 


lS-Har-81 


GEAR  DATA  ( G1 .94 


) 


NO  COMMENT 

Sear  patio  ■ t .940 

EFFICIENCY  a 0.980 


input  Inertia  * 
OUTPUT  INERTIA  a 


Of.OOO  FT-LB-SEC*»2 
0.010  FT-LB-SEC*«2 


NO  GEAR  SPIN  LOSS  DATA  SPECIFIFD 
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lg-Mar-81 


GEAR  DATA  ( 61.29 


NO  COMHEMT 

EAR  PATIO  i " 1.290 
EFFICIENCY  » 0.980 


INPUT  INERTIA  ■ 0.000  FT-LR-SEC**2 

OUTPUT  INERTIA  « 0.010  FT-LP-SEC*»2 


NO  GEAR  SPIN  LOSS  DATA  SPECIFIED 


18-Mar-8l 

CEAP  DATA  ( GO. 97  ) 

NO  COMMENT 

GEAR  RATIO  a 0.970  INPUT  INERTIA  a tf.000  FT-LR-SEC*«2 

EFFICIENCY  a 0.980  OUTPUT  INERTIA  a tf.oiO  FT-LR-SEC*«2 

NO  GEAR  SPIN  LOSS  DATA  SPECJFIFD 


18-Mar-81 


GEAR  DATA  ( G0.76 


NO  COMMENT 

GEAR  PATIO 
EFFICIENCY 

a 3.760 
a 0.980 

INPUT  INERTIA  a O'.OOO 

OUTPUT  INERTIA  e 0.010 

FT°LR°SEC««2 

FT»LR»SEC»«2 

— • 

NO  GEAR  SPIN 

LOSS  data  specified 
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DRIVE  CONVERTER  DATA  ( CODYI 
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INCH  COAST  CONVERTER 
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ie-Mar-8i 


ACCESSORY  LOSS  DATA  C 


ALTERNATOR  INPUT  LOSSES 


INERTIA  '■  0.001  FT-LB-SEC**2 


SPEED 

TORQUE 

(PPM) 

CLB-ET) 

650.0  1.210 


1190.0 

0.840 

1830.0 

0.600 

2480.0 

0.490 

3000.0 

0.490 

LALY1  ) 
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ROUTE  SPECIFICATION  ( ZGPAOE  3 


SOO  NILES  OF  LEVEL  ROAD 


DISTANCE 

percent 

POAD 

WIND  SPEED 

POINT 

(MILES) 

GRAPE 

COEFFICIENT 

(MPH) 

t 

500.000 

0.000 

1 .000 

0.000 

3-40 


FEDERAL  TEST  PROCEDURE  NUMBER  7S 
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CONSTANT  ACCEL  TO  THROTTLE 

SEGPt  NT  CONSTANT  CONSTANT  PERCENT  AND  HOLD  HOLU  PATE  OF  RELATIVE  RELATIVE  PASSING  ABSOLUTE  ABSOLUTE  SEGMENT 

NUMPfp  ACCELEP  SPFED  WOT  THROTTLE  GEAR  CHANGE  TINE  DISTANCE  CLEARANCE  MILEPOST  VELOCITY  NUMBER 
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26.00  97.00 
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CONSTANT  ACCEL  TO  TIIPUTTLE 

SEGMENT  CONSTANT  CONSTANT  PERCENT  AND  HOLD  HOLD  RATE  OF  RELATIVE  RELATIVE  PASSING  ABSOLUTE  ABSOLUTE  SEGMENT 

NUMBER  ACCELER  SPEEP  WOT  throttle  gear  CHANGE  time  DISTANCE  CLEARANCE  MILEPOST  VELOCITY  NUMBER 
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VEHSIM  CAR  06(23)  STATUS  REPORT 


MODE  " /PTY 
SIMULATION  MODE-CAR  /DYNAMOMETER 
RUM  TITLE-BASE  LINE  CASE  WITH  URBAN  AND  HIGHWY 
ENGINE(|)-F8VAG0.048 
DRIVE  CONVERTER-CODYt 
COAST  CONVERTER-COCYt 
VEHICLE-VHRB80 
TRANSMISSION  - VNRB80SSP 

GEAR  I 1-G3.45  ASSIGNED  TO  ENGINE-F8VAG0.048 

GEAR  * 2-G1.94  ASSIGNED  TO  ENGINE-F8 VAGO . 048 

GEAR  » 3-GJ.29  ASSIGNED  TO  ENCINE-F8 VAGO . 048 

GEAR  * 4-GO. 97  ASSIGNED  TO  EHGINE-F8 VAGO .0 48 

ACCESSORY  i 1-LALY1 

DRIVING  SCHEDULE-URBAN 

SHIFT  LCIGIC-EPA4 

R0UTE-4DYN0 

TIPF-%VEHICLE 

GEARS  LOCKED  UP-  <234 

NO  GEARS  UNLOCKED 

LIMIT  PR INT-SEGME  O.OOOOOOOE+OO 

DE8UG-CFF  O.OOOOOOOF+OO  O.OOOOOOOE+OO 

TTY  OUTPUT-OFF 

LPT  OUTPUT-ON 


Cl  MODIFIED  FROM 
C2  MODIFIED  FROM 
REAR  MODIFIED  FROM 
HEIGH  MODIFIED  FROM 
DISPL  MODIFIED  FROM 


.9000E-02  TO 
.SOOOE-Ol  TP 
3.900 
2375. 

88.9S 


TO 

TO 

TO 


.9000E-02 

.5000E-04 

3.900 

2375. 

90.00 
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NUN  TITLt:  ( BASE  LINE  CASE  WITH  URBAN  AND  HIGHWY 
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SCHEDULE  AVERAGES  FUEL  ECONOMY  a 34.34  HPG 

WORK  PER  MILE  a 0.24  HP-HR/MI 

A VC  SP  FUEL  CONS  a 0.76  LBS/HP-HR 
AVG  STEEO  a |4.7  MPH 
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MCE 


3.5  LOG  FILE 


I8:oo:«t 
i8;O0:01 
!8:00  :•€  l 


BAJOB  BATCON  version  10212067)  running  VOLKS  sequence  1554  in  stream  4 
BAFIL  InPUt  from  DSKB:V0LKS.CTLC4192»402J 
BAFIL  Output  to  0SKBiVOLKS.LORC4132.4O2) 

BA5UH  Job  parameters 

Time :oo:25:90  "niquetYES  RestarttNO  OutputrLOG 


iBroo 

01 

MONTR 

18:00 

02 

MONTR 

.LOGIN  4132/402 

/DEFER /SPOOL: ALL /TIME 

18:00 

02 

USER 

JOB  21  rsc  DEesystemlOA  v8  TTY125 

18:00 

06 

USER 

18:oo  1B-Mar-81  «e<i 

1 8 ; OC 

07 

MONTR 

18:00 

07 

MOMTR 

..RUN  C0MA1SEND 

18:00 

09 

USER 

18:00 

1 1 

USER 

18:00 

11 

USER 

Send  to  »nom?  ** 

,402 

I8;00 

1 1 

USER 

%No  such  animal 

18:00 

1 1 

USER 

Send  to  »hom?  estartino  simulation  of 

18:oo 

11 

USER 

%No  such  animal 

t8:oo 

1 1 

USER 

Send  to  «hora? 

18:00 

20 

month 

..RUN  VEH5IM 

18:00 

20 

USER 

]8;00 

26 

USER 

18:00 

26 

USER 

VEHsIM  CAR  o6(23)  18-Mar«8l 

1 8 : JO 

18:00 

2b 

USER 

*8 VOLKS 

1 8 ;O0 

28 

USER 

18:00 

28 

USER 

•OUTPUT  VQLKS.DAT  C 3 » 3 ] 

18:00 

31 

USER 

18:00 

31 

USEP 

LPT  FILE  DSKP  ; 

02tVSM.DATtU4l32.402) 

18:00 

32 

USER 

18:00 

32 

USEr 

•LIMIT  PRINT 

OFF 

I8:oo 

32 

USER 

•TITLE  VOLKSWAGON  DIESEL 

study 

18  ;00 

32 

USEP 

•USE  VWPBBO 

VEHICLE 

18:00 

36 

USEP  " 

• USE  F9V.\Go.o48 

ENGINE 

1 

18:01 

06 

USER 

•LOCKUP  CUNVERTER  GEAR 

1 2 3 

1 8 j0 1 

06 

USER 

•USE  EPA4 

SHIFT  LOGIC 

18:01 

1 1 

USER 

•USE  VWRB8o5SP 

TRANSMISSION 

18:01 

23 

USEP 

•USE  COD  Y1 

converter 

1 8 y0 1 

2b 

USER 

•USE  C0CY1 

CONVERTER 

'18:01 

26 

USER  _ 

•USE  LALY!  " 

ACCESSORY 

18:01 

27 

USER 

•USE  2GPAPE 

POUTE 

18:01 

31 

USER 

•MODIFY 

WEIGHT 

2375. 

18:01 

31 

USER 

•MODIFY 

dynam 

-6.800 

18:01 

31 

USER 

•MODIFY 

PEAR  AXLE  R 

3. 900 

18:01 

31 

USER 

•MODIFY 

DISPLACE 

90.00 

18:01 

35 

USEP 

•MODIFY 

Cl 

.0090 

18:01 

35 

USEP 

•MODIFY 

C2 

.00005 

18:01 

35 

USEP 

•LIMIT  PRINT 

OFF 

1 8 j 0 1 

36 

USEP 

•TITLE  BASE 

LINE  CASE  WITH  MhBAN 

18:01 

36 

USEP 

IUPBAN  AND  HIGHWAY  ONLY 

18:01 

36 

USER 

•limit  PRINT 

OFF 

18:01 

36 

USEP 

•USE  URBAN 

driving  schedule 

18:01 

44 

USEP 

tUSK-DPS/NSEC: 

2/NSEGt  50) 

18:01 

47 

USER 

[DSK-DP5/NSEC: 

3/NSEGt  15/LAST  SFCT 

18:01 

51 

USER 

•limit  print 

SEGMENT 

18:01 

51 

USEP 

•simulate 

CAP 

DIALOG" 

18:01 

51 

USEP 

18:01 

51 

USEP 

(SIMULATING) 

18:oi 

51 

USER 

(HEACHED  initial 

CONDITIONS) 

18:oi 

52 

USER 

ESEG : 1 C'lMT: 

20.00  C"MD; 

0.000 

l8;oi 

5« 

USER 

ia:uO  JORl  21  TTY  125  DSKb  :(04132,4o7) 


12  3 4 


AND  HIOHWY 


0.0  cpus:  0.00  CPUT: 


0.0b 
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18:37:59 

18-37:59 

18:37:59 

19:37:59 

18:37:59 

18-38:80 

18:38:80 

18-38:00 

18:38:80 

18-38:00 

18-38:00 

18:38:90 

18:38:80 

18-38:80 

18:38:00 

18:38:00 

18-38:00 

18:38:«o 

18;38:80 

18:38:00 

18:38:90 

"18:38:01 

18:38:01 

18-34:01 

18:38:01 

18:38:01 

18-38:81 

1 8 ; 30  :8  1 

18:38:02 
18-38:02 
10 ?38:82 
18:38:03 
18:38:03 
18-38:03 
18-38:00 
18:38:36 
18-38:06 
18:38:06 
18:38:06 
— 18:38:06 
18:38:06 
18:38:06 


USER 

USER  END  OF  VEHSlM  CONTROL  file  DSK  : VOLKS . VSM  104132,1021 
USER  * 

EALSE  . IE (ERROR ) .GOTO  D0NE4 

USER  EXIT 

USER 

USER  LPT  FILE  OSK  :V0LKS.DAT  t 00003 . 083 1 <1 00> /DISPOSE : SAVE 
USER 

USER  STOP 
USER 

USER  END  OF  EXECUTION 

USER  CPU  TIME:  7:20.22  ELAPSED  TIME!  37:34.40 

MONTH  EXIT 
MONTH 
MONTH  . 

BLABL  D0NE4 : : 

month  .closc 

montr 

MONTn 

MONTH  ..RUN  COMAtSENO 

USER 

USER 

USER  Send  to  wnom?  **,402 
USER  %No  such  animal 

USER  Send  to  whom?  ‘Finished  VOLKS. VSM  - prlntlno 
USER  %No  such  animal 
USEr  Send  to  whom? 

MONTR  ;.PRtNT/DlS|DEL  VulKS.DAT  f3,3l 

USER  tLPT0l:V0LKS«/Sea:i623/Limit:245,  1 Fllel 

MONTH 

month  ..PRINT/OISjDEL  volks.log 

USER  tLPT01:V0LKSs/Seo:l624/Llmit:77,  l Fllel 

MONTH 

MONTH  “KJOB/RATCM 

USER  Job  21  User  DOLAN  [4132,4021 

USFP  Looged-off  TTY  1 25  at  1fl:3B:o6  on  lfl-“ar-0i 

user  Runtime:  o:«7:21.  *CS:24221,  connect  time:  0:38:03 

USER  DlsK  Reads:l89t,  Mrites:4l5,  Blocks  saved:6430 

USER 

USER  Estimated  cost: 

USER  Connect  time  cost  SO. 00  Disk  access  cost  SO. 34 

USER  CPU  cost  *48.39  Total  cost  S 48.73 
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3.6  SCAN  PROGRAM 


The  most  time  consuming  aspect  for  completing  VEHSIM  batch 
runs  has  been  the  requirement  that  the  input  commands  be  in  exact 
card  image  formats  because  the  VEHSIM  control  files  were  original- 
ly intended  to  be  key  punched  from  prepared  forms  as  shown  in 
section  5.2. 

For  this  reason  a utility  program  SCAN  was  created  to  accept 
free- format  VEHSIM  command  lines  and  transform  them  into  VEHSIM 
compatible  control  files.  A sample  SCAN  file  is  shown  below. 
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TL 


■ CLH S . LhT[  S < I I 

LIES  EL  STb L' i 
VEHICLE 
ENGINE 
GEHF  I 
I H I eT 


1 1 


♦ T'i  F VCLLI.SIN 
•v'CLt1  S .vi M 

♦CLTFLT 

♦ LIMIT  f f i n t off 

♦ TITLE  VGLr.  ILi-iGCM 

♦ i.i „ E V HF  B -r 

♦ L S E F >.  V Fi  G 0 . 0 *4  I 
♦LCCKLF  ccnveftef 
♦LIE  EFhH 

♦ i..iE  V i Lx  i_<I> . F 
♦LIE  C CIV  1 
♦LIE  CCS VI 

♦ LIE  LhL’i  1 

♦ LIE  IGFfiLE 

♦ mGL  I F'i  HEIGHT  IS_I. 

♦'•'CL  L i Mu  ~G  . E-  r 

♦ mCL I F i FEF-f  hSLE  FHTIC  S 

♦ fiCLIF',  L 1 1 f LGC  EMENT  *•*. 

♦MCLIFi  Cl  G.OCG 

♦ MGLIF'i  CE  0 . 0 C G GI 

♦LIMIT  FFIMT  CFF 

♦ TITLE  B'HIE  LIME  C HIE  I T H>  L f 5 4 r,  FN 
i i j h M L ii 

♦ TITLE  LIE  TCFIFEEL.  SHIFT  LCC-IC-51.. 

♦ LIE  5U'CT50C'0  I m I c t LOGIC 


1 £ S 4 
LOGIC 

Tc  GrsI  M I SS  I CM 
ccnveftef 
COMVEFTEF 
h*_  C E I SGx  i 
FCLTE 


I ii  1 'j^iiit'i 

C T 5 0 C 


♦MCLIFt  TCFIFEEL 
♦LIE  TCFIFEEL 
iTEST 


1 . C C 

LF  I V I MG  I C ii€ LLLE 


.1 . 
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' 
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4.  VEHICLE  SYSTEMS  INTEGRATION 


In  order  to  simulate  an  entire  vehicle  system  correctly  it 
is  necessary  to  select  the  vehicle  parts  which  combine  to  repre- 
sent an  actual  vehicle.  This  procedure,  known  as  vehicle  systems 
integration,  involves  scanning  the  VEHSIM  parts  file  and  matching 
the  "VEHSIM  part"  to  the  actual  vehicle  system  part.  If  the  part 
is  not  available  the  user  must  apply  discretion  in  determining  the 
part  nearest  to  the  actual  vehicle  system  part.  In  addition,  the 
user  must  then  determine  how  this  part  integrates  into  the  entire 
vehicle  system. 

Once  the  user  is  satisfied  with  the  parts  selection,  a VEHSIM 
request  form  (Figure  4-1)  should  be  completed  to  insure  that  all  the 
parts  necessary  to  form  a vehicle  have  been  selected.  Also,  modi- 
fications to  these  parts  can  be  made  at  the  bottom  of  the  request 
form.  A description  of  each  of  the  parts  is  provided  below  to 
facilitate  the  user's  selection  of  vehicle  parts. 

VEHICLE 

The  vehicle  contains  basic  characteristics  that  describe  the 
vehicle  such  as  weight,  frontal  area,  tire  rolling  radius,  aero- 
dynamic drag  coefficient,  axle  ratio,  axle  efficiency,  wheel 
inertia,  propshaft  inertia,  and  rolling  resistance  coefficients. 

The  weight  of  the  vehicle  should  be  selected  based  on  the  drive 
schedule.  For  example,  the  weight  of  a light  duty  truck  should 
be  GVWR  (gross  vehicle  weight  rating)  for  a performance  schedule 
and  (IW)  inertia  weight  for  the  EPA  fuel  economy  schedules. 

The  INERTIA  weight  (IW  = CURB  t 300  lb)  class  for  the  EPA 
schedules  can  be  determined  from  Table  4-1.  The  aerodynamic  drag 
characteristics  of  the  vehicle  can  be  determined  from  a number  of 
sources.  The  EPA  lists  dynamometer  horsepower  at  50  mph  for  aero- 
dynamic loading.  The  frontal  areas  of  vehicles  can  usually  be 
obtained  from  manufacturer's  specifications  or  from  the  MVMA 
(Motor  Vehicle  Manufacturers  Association)  specifications  form. 
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VEHSIM  CAR  REQUEST 


Requested  by:_ 
Priority  is: 


___ Same  Day  Night 

The  VEHSIM  control  file  (.VSM)  is: 


Date :_ 
Slow 


‘OUTPUT 


.DAT [3, 3] 


Total  no.  of  simulations 
Total  no.  of  pages  


‘LIMIT  PRINT  OFF 
‘TITLE 


‘USE 

‘USE 

‘USE 

‘USE 


‘LOCKUP  CONVERTER  GEARS 
‘UNLOCK  CONVERTER  GEARS 
‘USE 


‘USE 

‘USE 

‘•USE 

‘USE 

‘USE 

‘USE 


i ( 


‘MODIFY 

‘MODIFY 

‘MODIFY 


‘LIMIT  PRINT 


VEHICLE 

TIRE  (Optional) 
ENGINE  112345 
TRANSMISSION 


SHIFT  LOGIC 

CONVERTER  (Coast) 

CONVERTER  (Drive) 

ACCESSORY 

ACCESSORY 

ROUTE 

DRIVE  SCHEDULE 


* C 


IMULATE  CAR  DIALOGUE 


FIGURE  4-1.  VEHSIM  REQUEST 
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TABLE  4-1. 


INERTIA  WEIGHT  CLASSES 


INERTIA  WEIGHT 

INERTIA  WEIGHT 

CLASS  (LBS) 

1979  AND  EARLIER 

1980  AND  BEYOND 

UP  TO  1062 

1000 

1000 

1063  - 1187 

1000 

1125 

1188  - 1312 

1250 

1250 

1313  - 1437 

1250 

1375 

1438  - 1562 

1500 

1500 

1563  - 1687 

1500 

1625 

1688  - 1812 

1750 

1750 

1813  - 1937 

1750 

1875 

1938  - 2062 

2000 

2000 

2063  - 2187 

2000 

2125 

2188  - 2312 

2250 

2250 

2313  - 2437 

2250 

2375 

2438  - 2562 

2500 

2500 

2563  - 2687 

2500 

2625 

2688  - 2812 

2750 

2750 

2813  - 2937 

2750 

2875 

2938  - 3062 

3000 

3000 

3063  - 3187 

3000 

3125 

3188  - 3312 

3000 

3250 

3313  - 3437 

3500 

3375 

3438  - 3562 

3500 

3500 

3563  - 3687 

3500 

3625 

3688  - 3812 

3500 

3750 

3813  - 3937 

4000 

3875 

3938  - 4125 

4000 

4000 

4126  - 4375 

4000 

4250 

4376  - 4625 

4500 

4500 

4626  - 4875 

4500 

4750 

4876  - 5125 

5000 

5000 

5126  - 5375 

5000 

5250 

5376  - 5750 

5500 

5500 
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TABLE  4-1.  INERTIA  WEIGHT  CLASSES  (CONT) 


INERTIA  WEIGHT  INERTIA  WEIGHT  CLASS  (LBS) 


1979  AND  EARLIER 

1980  AND  BEYOND 

5751  - 6250 

6000 

6000 

6251  - 6750 

6500 

6500 

6751  - 7250 

7000 

7000 

7251  - 7750 

7500 

7500 

7751  - 8250 

8000 

8000 

8251  - 8750 

8500 

8500 

8751  - 9250 

9000 

9000 

9251  - 9750 

9500 

9500 

9751  - 10,000 

10,000 

10,000 
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The  drag  coefficient  can  be  obtained  from  coast  down  tests  based 
on  aerodynamic  loading  at  50  mph  by 


CD  = HP/0.81  * (Af) 

where:  = Aerodynamic  drag  coefficient 

Hp  = Aerodynamic  horsepower  at  50  mph 
Af  = Frontal  Area  (ft2) . 


The  tire  characteristics  are  generally 
manufacturers.  The  N/V  ratio  (rpm/mph)  can 
EPA*  descriptions  by  ^ * AR  * GR 


supplied  by  the  tire 
be  compared  with  the 


where:  RR  = Rolling  radius  (ft) 

AR  = Axle  ratio 

GR  = Gear  ratio  (top) . 

To  obtain  valid  fuel  economy  results,  the  tire  manufacturers' 
N/V  ratios  should  be  consistent  with  the  EPA  data.  A sample  of 
rolling  resistance  values  is  shown  in  Table  4-2,  and  the  rolling 
radius  (effectively  N/V)  can  be  found  in  the  MVMA  specifications 
form  in  terms  of  rev/mile  at  45  mph. 


TIRES 

The  tires  are  generally  considered  to  be  part  of  the  vehicle 
file.  However,  there  may  be  situations  during  a tire  study  where 
it  is  easier  to  change  the  tire  file  rather  than  change  the  vehi- 
cle file.  This  occurs,  when  changing  the  rolling  radius  of  the 
tires.  The  coefficients  and  are  rolling  resistance  coeffi- 
cients. A second  order  equation  is  used  to  approximate  the  roll- 
ing resistance  force  which  can  be  made  linear  by  setting  C->  to 
zero.  A tire  efficiency  term  is  a multiplicative  factor  which 
can  be  used  to  adjust  for  tire  slip. 


*EPA  1980  Gas  Mileage  Guide,  United  States  Environmental  Protec- 
tion  Agency,  Ann  Arbor  MI. 
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TABLE  4-2.  TIRE  IDENTIFICATION  AND  TEST  DATA  LIGHT  TRUCK  TIRES 
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SOURCE:  Rolling  Resistance  of  Light  Truck  Tires,  S.K.  Clark,  University  of  Michigan. 
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ENGINE 


The  engine  -is  the  most  important  part  of  a vehicle  system  when 
determining  fuel  economy.  The  engine,  for  simulation  purposes,  is 
represented  by  a compilation  of  steady  state  engine  test  data, 
commonly  termed  an  "engine  map."  These  engine  maps  are  obtained 
from  engine  dynamometer  test  facilities  such  as  those  at  the 
Bartlesville  Energy  Technology  Center.  The  maps  usually  consist 
of  20  load  points  for  each  of  10-15  speed  points  with  about  40 
individual  measurements  at  each  condition,  which  include  fuel  con- 
sumption, emissions,  spark  advance,  air-fuel  ratio,  back  pressure, 
and  ambient  conditions.  The  load  points  are  torque  and  manifold 
vacuum,  and  the  throttle  angle  may  also  be  included  to  accommodate 
certain  shift  logics  based  on  engine  throttle  angle.  To  produce 
an  engine  map,  processing  and  display  programs  are  usually  re- 
quired because  of  the  voluminous  data  involved.  Such  programs 
are  in  use  at  the  Transportation  Systems  Center  for  processing 
engine  data  from  TSC's  Automotive  Research  Laboratory.*  All  the 
engine  maps  available  for  use  in  the  VEHSIM  program  are  updated 
annually**  and  the  format  of  the  engine  maps  to  be  input  to 
VEHSIM  can  be  seen  in  reduced  form.*** 

Engine  maps  may  also  be  provided  by  the  automobile  manufac- 
turers. These  maps  usually  are  provided  in  graphical  form,  as 
shown  in  Figure  4-2.  The  required  format  for  VEHSIM  necessitates  a 
negative  torque  for  each  engine  speed  and  if  this  point  is  not 
given  it  must  be  extrapolated.  For  proper  simulation  it  is  ex- 
tremely important  that  all  the  data  are  consistent.  For  example, 
a negative  torque  should  occur  at  a closed  throttle  angle  and 
torques  should  uniformly  increase  for  increasing  throttle  angle. 

*Colello , Ralph  G.,  "Processing  and  Display  Programs  for  Steady 
State  Engine  Test  Data,"  Transportation  Systems  Center,  Report 
No.  PM-T-51,  December  1975. 

**Kidd,  James  A.  and  Rogowicz,  Joseph  J.  , "Engine  Catalog  and 
Performance  Analysis,"  Transportation  Systems  Center,  Report 
No.  DOT -TSC-NHTSA- 79-39 , March  1980. 

***Kidd,  James  A.  and  Colello,  Ralph  G,  "A  Compilation  of  Steady 
State  Automotive  Engine  Test  Data,"  Transportation  Systems 
Center,  Report  No.  DOT-TSC-NHTSA- 78-40 , September  19~3. 
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ENGINE  TORQUE,  T,  ( 1 b-ft) 


FIGURE  4-2.  ENGINE  FUEL  FLOW  FOR  1981  PRODUCTION  ENGINE 
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In  some  engine  tests,  wide  open  throttle  cannot  always  be  achieved 
at  idle  or  low  rpm  conditions.  Therefore,  the  wide  open  throttle 
load  point  at  idle  should  be  extrapolated  from  the  WOT  torque 
curve.  Also,  when  receiving  maps  in  this  format,  the  user  should 
be  aware  of  the  test  parameters  such  as  fuel  octane  rating, 
intake  restrictions  and  accessory  loading,  since  variations  in 
these  parameters  may  sometimes  produce  different  fuel  rates  for 
identical  engines. 

Exhaust  gas  emission  simulation  (not  recommended  except  for 
NO  ) is  provided  for  by  using  the  above  mentioned  preferred  units 

A 

in  the  engine  data  card,  by  using  a fuel  specific  gravity  of  0.1198 
and  by  entering  emissions  data  (gm/hr)  in  the  FUEL  FATE  data  fields 
The  results  of  a simulation  will  produce  the  inverse  of  the 
sought  after  gm/mi  emissions,  and  show  this  inverse  as  the  fuel 
economy  in  the  summary  sheet. 

GEAR-TRANSMISSION 

Gears  must  be  loaded  into  the  parts  data  file  separately. 

The  gear  input  inertia  includes  the  rotational  inertia  of  the 
input  shaft  and  attached  drive  gear  while  output  inertia  is  the 
rotational  inertia  of  the  specified  gear.  The  gear  efficiencies 
are  usually  in  the  range  of  96-98  percent. 

The  transmission  part  is  simply  a list  of  gears  used  in  the 
transmission.  The  gears  listed  must  either  be  already  in  the  data 
base  as  individual  gear  parts,  or  loaded  as  gear  parts  along  with 
the  transmission.  The  transmission  part  may  contain  a maximum  of 
20  gears.  Once  the  transmission  part  and  gears  are  loaded  into 
the  data  base,  all  the  gears  used  in  the  transmission  are  entered 
collectively  as  the  transmission  part  during  a simulation.  This 
eliminates  the  string  of  gears  to  be  typed  in  during  interactive 
simulation.  The  feature  of  modifying  a gear  in  the  transmission 
still  remains  functional  through  the  USE  command. 
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SHIFT  LOGIC 

The  shift  logic  is  the  operating  control  strategy  for  the 
entire  vehicle  system.  The  logic  for  a manual  transmission  is 
fixed  by  the  EPA  for  3,  4 and  5 speed  gearboxs  as  shown  in 
Table  4-3. 


TABLE  4-3.  EPA  SHIFT  LOGIC 


Shift 

Vehicle  Speed  (mph) 

1-2 

15 

2-3 

25 

3-4 

40 

4-5 

50 

2-1 

10 

3-2 

20 

4-3 

35 

5-4 

45 

The  shift  logic  for  an  automatic  transmission  is  more  compli- 
cated and  can  be  presented  in  a 'variety  of  approaches.  Each  shift 
logic  is  tailored  for  a specific  vehicle-engine  combination  and  is 
presented  in  terms  of  shift  lines  for  a given  engine  load  and  speed 
(vehicle,  engine  or  propshaft)  as  shown  in  Figures  4-3  and  4-4. 
Using  a shift  logic  not  designated  for  a particular  vehicle,  or 
modifying  vehicle  parameters  for  a given  shift  logic  may  produce 
erroneous  results  or  cause  a simulation  to  be  terminated.  Because 
the  automatic  shift  logic  relies  on  the  engine  map  for  a load 
setting,  the  engine  should  be  checked  for  compatability  with  the 
shift  logic.  For  problems  associated  with  the  shift  logic,  a 
debug  may  help  in  solving  a shift  related  problem. 

CONVERTER 

Since  most  coast  converter  curves  are  identical,  the  drive 
converter  is  the  critical  converter  element  to  simulate.  Conver- 
ter curves  are  provided  in  a variety  of  ways  including  those 
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PROPSHAFT  SPEED  (RPM) 


FIGURE  4-3.  SAMPLE  SHIFT  LOGIC  USING  VACUUM 
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presented  in  Figures  4-5  and  4-6.  To  facilitate  an  understanding 
of  the  converter,  the  user  should  understand  the  "K”  factor  and  its 
effect  on  the  torque  converter  curves.  For  example,  when  calcula- 
ting road  speed  based  on  engine  speed  the  SR  (speed  ratio)  will 
vary  depending  upon  engine  load.  Therefore,  identical  road  speeds 
will  not  always  produce  identical  engine  speeds.  This  is  an 
important  factor  to  consider  when  programming  shift  logics 

Because  torque  converter  data  is  not  always  available,  a 
method  for  determining  torque  converter  characteristics  has  been 
established  by  Arthur  D.  Little  based  on  fundamental  equations.* 
Also,  torque  converters  are  sometimes  referenced  in  terms  of  STR 
(stall  torque  ratio)  which  is  the  torque  ratio  at  zero  speed  ratio. 
This  is  the  maximum  torque  multiplication  of  the  converter. 

Torque  converter  data  for  both  a coast  and  drive  converter 
must  be  provided  even  in  the  case  of  a manual  transmission,  which 
is  considered  as  a locked-up  torque  converter.  The  converter 
input  to  VEHSIM  may  be  accomplished  by  two  different  methods 
depending  on  the  format  of  the  data  received  from  the  manufac- 
turer . 

ROUTE 

The  route  specification  is  used  to  indicate  distances  and 
driving  conditions.  Maximum  flexibility  is  provided  for  driving 
conditions  by  allowing  them  to  be  changed  from  one  milepost  to 
the  next.  The  route  specification  and  driving  schedule  must  be 
checked  for  compatibility  when  grades  and  winds  are  utilized. 

For  example,  one  would  not  specify  a 75  MPH  speed  of  a 5 percent 
grade  with  a 50  MPH  headwind  for  a 4,500  pound  vehicle.  Grade 
changes  must  not  exceed  1 percent  incremental  change  for  heavy 
duty  trucks.  Wind  speed  may  be  specified  as  either  positive  or 
negative  for  head  winds  or  tail  winds,  respectively.  Cross-winds 

*Hurter,  Donald  A.,  et.  al.,  "Study  and  Test  to  Confirm  Automobile 
Drivetrain  Components  to  Improve  Fuel  Economy,"  Vol  II.,  Report 
No.  DOT -TSC-NHTSA- 79-11  II,  May  1979. 
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TORQUE  RATIO 


OUTPUT  RPM/ INPUT  RPM 


1 .0 


FIGURE  4 - 5 . SAMPLE  9.5  INCH  TORQUE  CONVERTER  CURVE 
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may  also  be  considered,  but  will  not  be  discussed  at  this  time  due 
to  wind  data  limitations  and  the  unresolved  question  of  appli- 
cability. 

ACCESSORY 

Accessories  are  simulated  by  means  of  torques  for  given 
accessory  speeds.  This  information  is  obtained  in  a variety  of 
formats.  For  example,  the  alternator  is  obtained  in  terms  of 
different  power  (watts)  settings  as  shown  in  Figure  4-7.*  Once  the 
required  power  settings  are  determined  (e.g.  headlights  on  or  off) 
the  appropriate  power  curve  is  used  for  the  accessory  loading. 

A simple  systems  calculation  of  the  alternator  input  and  output 
loads  will  help  determine  the  validity  of  the  data.  Other  acces- 
sory data  such  as  that  for  air  conditioners  are  harder  to  obtain 
because  of  the  difficulty  in  controlling  the  duty  cycle  and  ambient 
conditions  such  as  temperature  and  humidity.  If  this  data  is 
available,  care  should  be  taken  in  determining  the  laboratory  or 
on-road  conditions  during  the  test.  The  air  conditioning  data 
should  not  be  used  over  the  EPA  highway  or  urban  cycle  since  air 
conditioning  is  simulated  by  modifying  the  dynamometer  horsepower 
by  10  percent  up  to  a maximum  of  1.5  hp . 

Basically,  VEHSIM  "sees"  the  accessory  load  as  a torque  for  a 
given  engine  speed  (this  speed  must  be  in  terms  of  engine  speed 
which  is  obtained  by  using  the  accessory  speed  ratio) . The  most 
critical  part  of  using  accessories  in  the  VEHSIM  program  is  how 
the  user  interprets  the  data  used  to  measure  accessory  loads. 

Once  this  is  established  and  the  user  is  confident  of  these  re- 
sults, the  selection  and  input  of  the  accessory  is  relatively 
simple . 


*Gagne , GT  et.  al.,  "Friction  and  Accessory  Tests  of  a GM  1980, 
151  CID  Engine",  Transportation  Systems  Center,  Report  No.  DOT- 
TSC-NHTSA- 80-19,  May  1980. 
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DRIVING  SCHEDULE 


Driving  schedules  can  be  divided  into  two  categories , perfor- 
mance and  fuel  economy.  Performance  schedules  include  0-60 
mph,  0-1/4  mi,  and  the  distance  covered  in  0-5  sec.  With  the 
exception  of  a passing  schedule,  all  performance  schedules,  which 
are  at  WOT,  can  be  consolidated  into  one  top  speed  schedule.  The 
gradeability  can  also  be  determined  from  this  schedule.  The  fuel 
economy  schedules  are  the  EPA  urban  (FTP)  and  highway  (HWFET) , 
which  are  shown  in  Table  4-4  and  Figure  4-8.  Of  course,  any  drive 
schedule  can  be  created  for  performance  or  fuel  economy  purposes. 

TABLE  4-4.  DRIVING  CYCLE  CHARACTERISTICS 


Driving 

Length, 

Average 

speed. 

Maximum 
speed , 

Time, 

No.  of 

Time 
at  idle. 

cycle 

miles 

mph 

mph 

sec 

stops/cycle 

% 

FTP 

7.5 

20 

57 

1371 

18 

19.1 

HWFET 

10.25 

48 

60 

765 

2 

1.0 

The  course  of  accelerations,  cruises,  decelerations,  and 
stops  are  specified  in  the  driving  schedule.  The  courses  may  be 
initiated  at  other  than  zero  conditions  on  the  INITIAL  COND  card, 
and  an  application  of  this  option  would  be  a constant  speed  cruise 
such  as  for  the  55  mph  study.  Accessory  duty  cycle  is  also  speci- 
fied in  the  initial  conditions,  although  it  applies  throughout 
the  entire  driving  schedule. 

Data  in  each  SEGMENT  is  grouped  according  to  which  data  may 
be  specified  as  only  one,  optional,  or  at  least  one.  For  the 
latter  type  of  data,  whichever  condition  is  satisfied  first  will 
terminate  the  segment. 

AXLE 

The  efficiency  of  the  final  drive  varies  slightly  with  speed 
and  load  and  can  be  assumed  constant  for  most  simulation  runs.  Typi 
cal  efficiencies  are  in  the  order  of  95-98  percent.  If  the 
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efficiency  is  constant  and  the  spin  losses  are  negligible,  the 
axle  should  be  included  in  the  vehicle  data  base.  However,  the 
efficiency  may  vary  considerably  with  light  load  and  low  speed. 
In  this  case,  the  user  should  estimate  the  efficiency  based  on  a 
curve  of  axle  efficiency  as  a function  of  load  and  speed. 
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5.  INPUT  DATA  FORMAT 


After  reading  Chapter  IV  the  user  is  now  ready  to  input  the 
data  according  to  the  format  required  by  VEHSIM.  This  chapter 
describes  the  precise  format  for  data  input  on  a line-by-line 
basis  and  indexed  to  numerical  card  (terminal)  column  numbers. 
Data  sheets  may  be  reproduced,  filled  out,  and  submitted  directly 
for  keypunching  or  remote  terminal  processing. 

5.1  DATA  FORMAT  SHEET  PROCEDURE 

Input  data  for  the  program  is  punched  on  cards  according  to 
a specified  format,  and  then  read  onto  a disk  or  tape.  The  data 
format  is  provided  for  vehicle  parts,  specified  procedures  and 
utilities.  The  data  format  sheets  are  listed  below: 


PARTS  DATA  PROCEDURES  UTILITY 


(1) 

ACCESSORY 

(11) 

DRIVING  SCHEDULE 

(14) 

DEBUG 

(2) 

AXLE 

(12) 

ROUTE 

(15) 

DROP 

(3) 

CONVERTER 

(13) 

SHIFT  LOGIC 

(16) 

DUMP 

(4) 

CONVERTER 

(17) 

LIMIT  PRINT 

(OPTIONAL  FORM) 

(18) 

LOCKUP  CONV. 

(5) 

ENGINE 

(19) 

MODIFY 

(6) 

GEAR 

(20) 

PRINT  UNITS 

(7) 

TIRE 

(21) 

REMAP 

(8) 

TRANSMISSION 

(22) 

SIMULATE 

(9) 

VEHICLE 

(23) 

TITLE 

(10) 

VEHICLE 

(OPTIONAL  FORM) 

(24) 

UNLOCK  CONV. 

(25) 

USE 

(26) 

ZERO 

(27) 

SPLIT 
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A brief  description  of  the  parts  data  and  procedures  is 
provided.  The  utility  formats  are  self-explanatory  and  their 
uses  are  discussed  in  Section  2. 

Each  line  on  a data  sheet  indicates  one  line  of  code  to  be 
punched  on  a card  or  typed  on  a terminal.  The  columns  of  a data 
field  within  a line  are  indicated  with  the  appropriate  column 
number.  Lef t- j ustifying  the  data,  which  is  always  entered  "in 
decimal  form,  facilitates  keypunching.  Alphabetic  names  or  symbols 
already  included  on  a data  line  must  also  be  keypunched  starting 
in  the  first  column.  Many  of  the  data  forms  indicate  repeated 
lines  of  data.  For  these  cases  there  is  no  need  to  repeat  the 
title  line,  comment  line,  and  first  data  line.  Part  names  may  be 
made  up  of  letters  and  numbers  only  (no  symbols  or  special 
characters) . 
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5.2  DATA  SHEETS 


The  data  sheets  for  parts  data,  procedures,  and  utility  com- 
mands are  described  in  this  section.  The  format  of  the  data 
sheets  is  similar  to  standard  keypunch  coding  forms.  Each  part 
is  described  on  a separate  sheet  with  mandatory  key  words  or 
phrases  already  indicated  on  the  sheet.  Each  new  part  begins  with 
an  asterisk  in  column  one  of  the  first  line,  followed  by  the  type 
of  part,  procedure  or  utility  command.  The  remaining  spaces  are 
to  be  filled  in  with  data  where  indicated  by  explanations  on  each 
form. 
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DATA  SHEET  2.  AXLE  (Sheet 
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DATA  SHEET  4.  CONVERTER  (OPTIONAL  FORM) 
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Increasing  load,  fill  spaces  with  data 

points  as  needed  up  to  20  points  maximum  Units:  throttle 

manifold 
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DATA  SHEET  7.  TIRE 
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for  linear  approximation. 
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DATA  SHEET  9.  VEHICLE 
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DATA  SHEET  10.  VEHICLE  (OPTIONAL) 
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DATA  SHEET  11.  DRIVING  SCHEDULE  (Sheet 
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REPEAT  SEGMENT  SPECIFY  ONLY  ONE  OPTIONAL  ~ ~ ^ 

CARDS  AS  NEEDED  SEGMENT  SPECS  SEGMENT  END  CONDITIONS 

UP  TO  200  CARDS  (specify  at  least  one) 
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DATA  SHEET  12.  ROUTE 
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REPEAT  4-CARD  SETS  AS  NEEDED  UP  TO  10  SETS  (100  points  maximum) 


DATA  SHEET  13.  SHIFT  LOGIC  (Sheet 
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DATA  SHEET  14.  DEBUG 
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DATA  SHEET  16.  DUMP 
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DATA  SHEET  17.  LIMIT  PRINT 
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DATA  SHEET  18.  LOCKUP  CONVERTER  GEAR 
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DATA  SHEET  19.  MODIFY 
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DATA  SHEET  20.  • PRINT  UNITS 
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DATA  SHEET  21.  REMAP 
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TO  BE  ENTERED 


DATA  SHEET  22.  SIMULATE 
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DATA  SHEET  23 . TITLE 
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DATA  SHEET  24.  UNLOCK  CONVERTER  GEAR 
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DATA  SHEET  25 . USE 
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DATA  SHEET  26.  ZERO 
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TABLE  SHEET  27.  SPLIT 
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6.  GRAPHIC  OPTIONS 


The  graphics  package  was  designed  with  the  intent  to  enhance 
capabilities  of  the  VEHSIM  program.  This  is  a powerful  tool  which 
helps  the  user  to  visualize  input  and  output  data.  It  is  a user- 
oriented  package  in  the  sense  that  it  was  designed  to  minimize  the 
involvement  of  the  user  in  the  execution  of  the  programs.  The 
listing  of  the  programs  (See  Vol  III)  contains  commentary  and 
extensive  flow  diagrams  were  produced  for  the  entire  package. 

The  user  is  given  a choice  of  running  the  program  via  the  TEXTRON IX 
terminal  or  of  writing  it  on  tape  and  producing  results  on  the 
CALCOMP  plotter. 

6.1  DESCRIPTION  OF  PROGRAM  SURF3D. FOR 

Program  SURF3D.F0R  was  designed  to  produce  an  image  of  3-D 
surfaces.  Mathematically,  a surface  is  defined  to  be  some  func- 
tion of  two  variables,  X and  Y,  which  can  vary  independently  of  one 
another.  The  function  value  is  represented  on  the  Z coordinate 
axis  . 

In  order  to  represent  a surface  with  a device  that  can  only 
draw  lines,  it  is  usually  necessary  to  project  a succession  of 
lines  lying  on  the  surface.  The  manner  in  which  the  lines  may  be 
chosen  is  arbitrary,  but  the  method  used  most  often  is  to  drop  a 
rectangular  mesh,  or  grid,  over  the  surface  and  represent  the  sur- 
face in  terms  of  the  deformation  of  this  tight  fitting  "stocking." 
This  is  the  technique  used  by  this  program  and  it  may  be  stated 
formally  by  saying  that  the  surface  is  represented  in  terms  of 
lines  having 

a)  constant  X and  varying  Y and  Z 

b)  constant  Y and  varying  X and  Z. 

The  projection  of  this  mesh  onto  the  X-Y  plane  is  a grid  and  is 
referred  to  as  the  base  grid  of  the  surface.  Program  SURF3D.F0R 
constructs  a surface  from  scattered  (non-regular  X-Y)  points.  t 
constructs  a regular  Z matrix  from  the  scattered  (X,  Y,  I , 'i  values 
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regardless  of  their  X and  Y ordering.  It  can  be  noted  that  the 
program  will  also  produce  results  for  the  surfaces  defined  by  the 
matrix,  or  array,  whose  values  correspond  to  the  Z values  at  the 
intersection  (mesh  points)  of  the  base  grid.  The  user  is  given  a 
choice  of  running  the  program  interactively  via  TEXTRONIX  terminal 
or  writing  it  on  tape  with  the  following  drawing  on  CALCOMP 
plotter.  The  program  asks  the  user  to  type  the  numbers  NX  and  NY 
which  stand  for  the  number  of  rows  and  columns  in  the  matrix.  If 
the  data  are  scattered  (non-regular)  one  still  has  to  tell  the 
computer  what  kind  of  X-Y  matrix  he  expects  to  get.  The  default 
value  for  NX  is  20  and  for  NY  is  10.  The  data  input  for  the  pro- 
gram is  normally  very  large.  This  is  why  the  input  data  must  be 
stored  in  the  file  VAS.DAT  on  disk  B.  An  example  of  file  VAS.DAT 
is  shown  in  Table  6-1  and  an  example  of  output  is  shown  in  Figures 
6-1  and  6-2.  This  program  is  closely  related  to  the  program 
SURF2D.F0R.  These  two  programs  represent  two  alternative  ways  of 
showing  the  3-D  surface.  The  listing  of  the  program  contains  com- 
ments. 

6.2  DESCRIPTION  OF  PROGRAM  SURF2D . FOR 

Program  SURF2D.F0R  was  designed  to  produce  an  image  of  con- 
tour plots  of  a user’s  data.  The  contouring  enables  the  user 
to  display  a surface  representing  a function  of  two  variables. 

One  method  of  displaying  this  surface  is  through  3-D  representa- 
tion (see  description  of  program  SURF3D.FOR).  Another  way  is  by 
slicing  the  surface  horizontally  and  drawing  the  lines  of  inter- 
section with  the  surface.  These  are  called  contour  lines. 

Once  a surface  is  described  in  matrix  form,  a set  of  contour 
lines  may  be  generated.  The  technique  for  generating  contour 
lines  is  a linear  interpolation  of  adjacent  surface  grid  points  in 
both  the  X and  Y directions.  The  user  is  given  a choice  of  run- 
ning the  program  interactively  via  the  TEXTRONIX  terminal  or  of 
writing  it  on  tape  with  the  following  drawing  on  the  CALCOMP  plot- 
ter. The  user  is  asked  to  type  the  numbers  NX  and  NY  which  stand 
for  the  number  of  rows  and  columns  in  the  X-Y  matrix.  If  the  input 
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FIGURE  6-1.  ENGINE  FUEL  MAP  FOR  5. 94  ENGINE 
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function  of  engine  torque  and  rpm 


data  are  scattered,  or  non-regular,  the  user  must  identify  the 
kind  of  matrix  (periodicity)  desired.  The  input  data  for  SURF2D. 
FOR  is  normally  very  large.  This  is  why  the  input  data  must  be 
stored  in  file  VAS.DAT  on  disk  B.  The  listing  of  the  program 
contains  comments.  • An  example  of  input  data  is  shown  in  Table 
6-1.  Examples  of  output  are  shown  in  Figures  6-3  and  6-4. 

6.3  DESCRIPTION  OF  PROGRAM  GEO. FOR 

Program  GEO. FOR  was  designed  to  produce  contour  plots  of  a 
user's  data  on  a 2-D  surface.  The  contouring  enables  the  user  to 
display  a surface  representing  a function  of  two  variables.  One 
method  of  displaying  this  surface  is  through  3-D  representation 
(see  description  of  program  SURF3D.F0R).  Another  way  is  by  slicing 
the  surface  horizontally  and  drawing  the  lines  of  intersection 
with  the  surface.  These  are  called  contour  (or  geodesic,  or 
equipotent ial)  lines. 

Program  GEO. FOR  draws  the  contour  lines  on  a 2-D  axis  sys- 
tem. GEO. FOR  is  closely  related  to  the  program  SURF2D.F0R.  SURF2D. 
FOR  draws  the  contour  lines  on  a 3-D  axis  system.  Program  GEO. FOR 
is  quite  general  and  may  be  applied  to  all  sorts  of  applications. 
Once  a surface  is  described  in  matrix  form,  a set  of  contour  lines 
may  be  generated.  The  technique  GEO. FOR  uses  for  generating 
contour  lines  is  a linear  interpolation  of  adjacent  surface  grid 
points  in  both  X and  Y directions.  It  does  not  interpolate  or 
smooth  data  values  and  it  works  on  a regular  set  of  data. 

Contour  line  drawings  differ  from  normal  curve  drawings  in 
that  each  set  of  curves  represents  a different  vertical  level  of 
the  data.  Having  all  of  these  lines  drawn  as  the  same  type  of 
curve  would  make  it  nearly  impossible  to  read  a contour  plot. 
Therefore,  GEO. FOR  will  draw  the  more  significant  levels  as  heavy 
(bolder)  lines.  They  will  be  labeled  with  the  value  of  the  Z 
level . 
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FIGURE  6 -3.  ENGINE  FUEL  MAR  CONTOUR  PLOT 
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ENGINE  HORSEPOWER  AS  A FUNCTION  OF  TORQUE  AND  RPM 


The  user  is  given  a choice  of  running  the  program  interac- 
tively via  TEXTRONIX  terminal  or  of  writing  it  on  tape  with  the 
following  drawing  on  CALCOMP  plotter.  The  user  is  asked  to  type 
the  numbers  NX  and  NY  which  stand  for  the  number  of  rows  and 
columns  in  the  X-Y  matrix.  The  default  value  for  NX  is  20  and 
for  NY  it  is  10.  The  user  already  has  a two  dimensional  array, 

Z,  on  file  ’VAS1.DAT*  on  disk  B.  GEO. FOR  will  scan  the  Z array 
and  generate  contour-line  curves  at  intervals  of  every  5 units. 

The  program  will  ask  the  user  to  type  the  number  of  rows  and 
columns  in  the  matrix.  The  listing  of  the  program  contains  com- 
ments. An  example  of  input  data  is  shown  in  Table  6-1.  Examples 
of  output  data  are  shown  in  Figure  6-5. 

6.4  DESCRIPTION  OF  PROGRAM  HPOWER.FOR 

Program  HPOWER.FOR  was  designed  with  the  intent  of  drawing 
the  family  of  curves  which  are  described  by  the  same  algorithm. 

In  this  program,  the  horsepower  of  the  engine  is  cal- 
culated as  a function  of  torque  and  RPM.  In  a 3-D  space,  this 
would  correspond  to  a family  of  parabolic  hyperboloids.  This  pro- 
gram does  the  2-D  representation  of  horsepower  as  a function  of 
torque  and  RPM.  As  a result  of  the  execution  of  HPOWER.FOR,  one 
gets  a family  of  hyperbolas  which  represent  horsepowers  with  the 
user- supplied  increment  (in  H.P.).  The  resulting  curves  are  dis- 
tinguished by  different  marks.  There  are  15  different  markers  and 
they  are  repeated  only  when  all  of  them  are  exhausted. 

The  program  asks  the  user  to  type  the  number  NN  which  stands 
for  the  number  of  curves  to  be  drawn.  It  also  asks  for  the  in- 
crement INCR  which  stands  for  the  step  increment  between  two 
curves.  The  user  is  given  a choice  of  running  the  program  via 
TEXTRONIX  terminal  or  using  CALCOMP  plotter.  The  listing  of  the 
program  contains  comments.  An  example  of  output  is  shown  in 
Figure  6-6. 
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FIGURE  6-5.  ENGINE  FUEL  MAP  CONTOUR  PLOT 
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6.5  DESCRIPTION  OF  PROGRAM  DIABGR. FOR 


Program  DIABGR. FOR  was  designed  with  the  intent  of  plotting 
the  data  on  a two  dimensional  axis  system.  It  draws  all  the  in- 
putted points  and  supplies  them  with  a distinguishing  mark. 
Additionally,  the  program  draws  the  grid. 

The  user  is  given  a choice  of  running  the  program  interac- 
tively via  TEXTRONIX  terminal  or  writing  it  on  the  tape  with  the 
following  drawing  on  CALCOMP  plotter.  The  user  is  asked  to  enter 
the  number  IM  which  stands  for  marker  specification: 

+1  - points  are  connected  and  there  is  a symbol  at  every  point 

-1  - points  are  not  connected  and  there  is  a symbol  at  every 
point ; 

0 - points  are  connected  with  no  symbols  drawn. 

A symbol  will  always  appear  at  the  first  and  last  points  of 
IM.NE.O  regardless  of  the  value  of  IM.  The  default  value  of  IM  is 
+1.  The  listing  of  the  program  contains  comments.  An  example 
of  the  program  output  is  shown  in  Figure  6-7. 

6.6  DESCRIPTION  OF  PROGRAM  TRANSF . FOR 

Program  TRANSF. FOR  was  designed  for  the  transformation  of 
output  data  from  the  VEHSIM  program  to  a form  suitable  for  use 
as  input  data  for  a wide  variety  of  graphics  programs.  It  should 
be  noted  that  the  philosophy  of  this  program  is  very  general  and 
is  applicable  to  a wide  class  of  transformation  problems.  This 
program  transforms  the  VEHSIM  output  data  onto  an  array  of  five 
dimensional  vectors.  TRANSF. FOR  calls  subroutine  MBOOOl.FOR.  As 
an  example,  consider  an  output  "ENGINE  DATA"  (see  Table  6-21.  The 
program  will  transform  the  engine  data  onto  an  array  of  vectors 
where  column  1 represents  speed  (RPM) , column  2,  torque  (ft-lb'  , 
column  3,  fuel  rate  (Ib/hr) , column  4,  throttle  (degrees!,  and 
column  5,  manifold  vacuum  (in.  of  Hg)  (see  Table  6-1).  It  has  been 
shown  that  with  this  type  of  formatted  data  it  is  very  easy  to 
automate  the  input  for  a wide  range  of  programs.  As  an  input  tor 
TRANS. FOR,  use  file  "MB0001.DAT"  sorted  on  disk  B (see  Table  6-1'. 
Output  will  have  the  name  ' VAS . DAT ’ and  will  also  be  stored  on 
disk  B.  The  listing  of  the  program  contains  comments. 
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FIGURE  6-6.  FAMILY  OF  HORSEPOWER  CURVES 
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TABLE  6-2 


ENGINE  DATA  FROM  VEHSIM  DATA  BASE 


VSMCAR  CAR  06(  2 3 I 16-aCT-aO  14s  12.  JOB#  37  TTY071.  _DSKB  _;l  04  L32i_402 
I ENGIN  PARTS  DATA  FILE  DIRECTORY  16-0CT-80  DSKU  s VSMENG .B IN t 04 l 32 ,402 1 
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7.  COMMON  ERRORS 


Beginning  users  of  VEHSIM  tend  to  make  the  same  errors.  A 
compilation  of  these  errors  was  made  based  on  user  inquires  to 
TSC’s  Energy  Technology  Branch.  An  understanding  of  each  of  the 
errors  (including  proper  interpretation  of  results)  listed  below 
will  reduce  the  fustrations  normally  experienced  by  the  novice 
user . 

1.  Distinction  between  lockup  and  non-lockup  of  gears. 

2.  Are  tires  included  in  the  vehicle  part  or  are  tires  separate 
part? 

3.  Shift  logic  for  EPA  Highway  or  Urban  Drive  Schedules  for 
manual  transmission  will  always  be: 

o EPA3 — ►Manual  3 speed 

o EPA4— ►Manual  4 speed 

o EPA5 — ►Manual  5 speed 

4.  Shift  logic  for  automatic  transmission  is  NOT  EPA3,  EPA4 , 
or  EPA5 , but  fixed  by  the  manufacturer.  One  example  is 
T3R2  for  3 speed  automatic. 

5.  Performance  drive  schedules  (e.g.  0-60  wide  open  throttle) 
require  different  shift  logic  than  that  for  fuel  economy. 

The  particular  shift  logic  is  based  on  the  engine.  Some 


6.  Distinction  among  C2,  and  CD  and  relative  magnitude  of 

their  values. 

7.  Definition  of  ’’shift  stutter"  and  where  to  look  for  solution 
to  this  problem: 

A.  On  second  by  second  printout,  look  at  gear  number 

B.  Shift  frequency  summary 


examples  include  3 WOT3800, 

3 gears 


shift  at  3800  RPM 


3 WOT3600 
3 gears 

shift  at  3600  RPM 


7-1 


8.  Understanding  of  output  variables  and  their  units 

Running  output : 

o Acceleration 
o Horsepower  at  wheels 
o Engine  RPM 
o Engine  torque 
o Road  load  horsepower 
o Gear  number 
o Brake  specific  fuel 
o Transmission  efficiency 
o Speed  ratio 
o Torque  ratio 
o Brakes 
o Gradeability 

Summary  output: 

o Fuel  economy 
o Time,  fuel  distribution 
o Energy  summary 
o Shift  frequency 
o Gear  time  distribution 
o Engine  histogram 

o Time 

o Torque/speed 
o Horsepower 

9.  Be  capable  of  modifying  or  creating  new  parts  that  include 

o Engine 
o Converter 
o Transmission 
o Gear 
o Vehicle 
o Tires 
o Route 

o Drive  schedule 
o Accessory 
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This  should  be  accomplished  interactively  for  quick  reaction 
situations  that  require  minor  modifications.  Major  changes 
will  be  accomplished  by  submitting  cards  via  batch  mode,  such 
as  for  a long  drive  schedule. 

10.  Be  capable  of  obtaining  a listing  of: 

o program 
o parts  directory 

o Entire  directory  and  parts  list 
o Any  particular  part 

11.  Eventually  familarize  yourself  with  program  algorithm  and, 
in  particular,  with  output  sequence  as  minor  changes  in 
program  output  will  be  periodically  required. 
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